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/ ^is: Iriyrat^ion: Icfelat^ catalystis 
ot cbcatalysts'^W |riip 
V poiy]aer^z&::piBtitt8)i miisiaiweihitlbn alsb_ rala a 

prpceas : to , tirii^ize, oXi^eiciie anchor ipdlymerlze 
. olefins. ■• ■ ■ • .. .' 

Supported chromium oxide catal^^^ 
a doainant factor in the- pr^auctloii. of olefin polymers, 
such as .polyethylene or copolymers of etiiylen^ and 
hexene. Th^^se, catalysts qan be^aed infa variety of 
PQljrmerization processes.; However, mq^t Jchown chromiuin ^- 
compounds must faa supported to becatalytically active. I 
IFurthepaore, aost support (ad; chroitfiiiji/compounds are f 
useful only for olefin pblymaf ization. If an olefin j: 
eapiblymejr is desired," the polymerisation process ' 
becomes nore complex In that two different monomers 
must be fed to the polymerization reactor, 

..Olefin trlmetizatioh. and oligomerization 
catalysts are also known in the art, but usually lack 
selectivity to a desired product and also have a low 
product; yield. , However> olefin trimerization andi^or 
oiigbmerization, if done efficiently, is a process to 
•prpyide useful olefins. These olefinic products can be 
furtiier trimerized, Qligomerlzed aiid/or, optionally, 
incorporated into a polymerization process. ' 

In -accordance with oui^ Patent Application 60296/go 
filed 8 August 1990 there is described a chromium- 
containing compbiind having the formula: 



- : [Cr(C4fl4K)5(0C4Hj) ] [Na]2-4(OC4Hi) ; or 

----- i 

.vin accorda^^^ ,^ 
5 . application,- sucji nwel; chronluinv^OT comppunds 

. are prj^pared f rpm, a .reaetibn raiart: conprislhg a ' 
. qhrpjni'um .salt: -a rmetal. a^Jtidje , and c any electron pair 
donor -solyenty such ,as, for exa etiiet. The 

catalyst sys tens .can be used /v either supported 
10 ^unsupported/ to;|brimerize and/or polymdrize, olefins . 
■ V . '.. The vchroaiuia ■ s_alt ^ ^ 
or :inorgani(?.„chrwaiAm salts j; ^ .:l 
; ^; --";0xidai1i:ion:st^ " I 

disclosure,- chromiuni metal is included lin this I j 
i5 def initioii at a phrpmium; s Generaliy , the cllrbiiiiW 

salt will have a: foiiuiaro^^^ X can ijlL the 

sa%^ or different .and ca^ inorganic 
; radical, and n is an integer from 1 to jfi. Exemplary 
-P^ganlc about 20 

20 carlaon dltipms per radical , and are select eld f rba -■ the. 
. - c^sisting Of aljqrl, altasxy, esti, ketcii^ . : 
. and/^ir amido radicals. ^ The organic radicals car^f be 
Strpight-Chaihed or branched, cyclic ot acyclic, i ' 
aromatic or aUphatic/ and can be madefo 
25 aliphatic, aromatic, and/or cycl^^^ 

V Exemplary inorganic ; radicals ihclufle, but are nptC 

limited to half des; sulfates, a^^ 
'. Preferably> the chrpmium salt is a hallde, ; 

such as, for exia.mple chromoua fluoride, chromic . .. 
30 fluoride, chroinpus chloride^ chromic chloride, chroraous/ 
bromide, chromic bromide, chromous iodide, chromic 
, iodide, and mi'xtiires thereof. Host preferably, the 
chromium salt let a chloride,' such as, for example 
Ohrcmous chloride ahd/or chromic chloride, due 
>5 simple saparation' of the; reaction by-priSJucts such as, 
for example, sodiian chloride, as as r^atiVel^^^ 
. cost . ; ■ • /• 



'•• .' Vv. ■ . . The -netai- amid^ can be any metal amide .that 
will react with a .chroiiimvsartcto form a chromium-- 
;;aiiiido complex.' Broadly; i -thfe. metal - amide can be any. 
■heteroleptic or homoleptic metal complex or salt, 
wherein the amide radical ; can^ be :any. nitrogen- " 
containing organic radical i^v The metal amide can be / 
either affirmatively added to the reaction,- or - ; : / 

. generated inT-sitUi - Beneral'ly, • the metal amide will ' ;/ 

. havi» from about'fl too about ^20 , carbon atoms ' 
V- . Exemplary preferred metal amides include, but 

..are , not limited to, lithium dipethyDiimide, lithium 
diethylamide; lithiim dlisopropylamide,~ H^ 

. dicycl'ohexylamide, sodium bis (trimethylsilyl) amide, 
sodiiim indblid^, ai*al;^^e^^ alScaline eaiih, metal : 

pjM^oUdes; Srwl^mi Host 
preferred are. the above m^tai pyrrolides such is lith- 
ii&jiyrrolid^ii, pyrrplide, pptas,S;ium, pyrrol ide", 
and cie^ujifc plyr^^ and 
aotiyity wi^ other reactahtsi Examples of substi- 
tu^<i- pyrrolides inblu^ but are not limited : to sodium 
2,5-dim^Wi P3/Trol^^ 3,4-dimethj^l pyrrdiide. 

■ iffieii- tfte meta^^^^ ligaiid^ the 

resultant, chromium compound is a chromium pyrrolide. 

In 'accordance with a f irst aspect of the ■ 
jpreeent inye.ntioii pyrrole itself (hydrogen pyrrolide) 

= or a eubstitiJ^ted pyrrole is.' recognized as a suitable 
pyipoiidei^^ Pytirple. is =a preferred hydrogen pyrrolide. 

-Subs titwfe^ d pirggbleg a r e ij i tu B tg a tod b e loy . 




■■.In. "the reaction aixture.can be one 
or more ether ebmpQJ^ds : to effect a reaction between 
■ the chromiian salt ai?d^t^ amidju'. While not 

wishing to be . bpund by ibsoiy;. it is - believed that the 
ether can be a reabtionvSOlyeht^>a^^elI as » possible 
r^eaictant. The ether bah To^ any arl^%H;j^ and/or 
aromatic compound containing an R-O-^R fvinotimality, 
whereih the R groups . can be' the 'samie or differe] 
/ prpf ptablj^. '.is-not-hjfdrdqen > — Beef errad atherg i 



^but 



1 y 

: :, ' / ■ -- 3A: - ■ . - 

. Substituted pyrroles ,are illilBt.rated below'; Saia first 
aspect of .the inv(^n^iion ^provides . a process to prepare a 
catalyst system, compii sing reactirig a mixture of : 
(a) a metal salt;., :..r- 
: • (b) pyrrole or a substiiutea pyrrpie; and 

(c) ;;>an. electron . pair; donor ' solvent and reacting 
the resulting; reaction product and, if ' 
d^siredv leapttng^i:^ resulting reaction product witli^ an 
.unsatur^tedirJiydwcarfa^ 

The ether in the reaction mix^ one or more 

ether co)nnpb^rids - to ef f ec^^ 

salt and J:he. metaf^ amide. be bound 
by theorj^i, it ;:is belieiyed that the ether can be a reaction , 

"sdlyfeiit,:^;|s well as a pbssible reactaht. The ether can be 
any aliphatip and/or aromatic compound .containiiig art R-o-R 
functionality, wherein the. .R:.-^roupB. can be the same or 
different but preferably is not hydrogen . Preferred 

. ethers "are '■ 




, aHphatic ethers/ for sateiy reasons, in that aromatic 
ethers are human toxins. Furthermore, .the preferred 
ethers are those which facilitate a reaction between a 
chromium halide- a^^^ IA<i or Group: IIA inetal ^ 

.5 . pyxrroiida; and alsb^oan tie easily 

reaction mixture, -Exemplary compounds include, but are 
npt-.lijiiited -to^^ 

dl^e|±t6iiyethaji^. diglyme^ tri^lyrae, and 

mixtures of K two ; or .rfnpre; . Host preferably, the 

' 10 ether is selected f^^ 

tetxahydrpf uran ,^<derivat iyss, 

dimetiho3cyethan<t, derivatives pf dinethoxy^^ane, and 
^ mixtures, tjieriBHOf the:: reasons .given above, as well 

as the reason that the preferred salt of an amine is 
15 soluble in these ethers. 

■ I The 'three reactants can be combined in any 
marmer imder co^^ 

comprising one or more of the inytOTtive^c 
compounds;- Olhe reaction preferably occurs in t^ 
- 20 . absence, of oi^gen aiid moisture and therefore under an 
/ inert atmosphere, such as> for example nitrogen and/ or 
■ - argon. The reaction pressure can be any pressure 

sufficient to maintain the. reactants . in a liquid state. 
. '< ; Generally, pressure within the. range of ^from about 
25 atmoispheric pressure to about three a^ospheres are 

acceptable. For ease o£ operation atmospheric pressure 
is generally "employed. 

The' pi^ecipitated Inventive chromium compounds 
can be recovered by atiy method .known -in the art. The 
30 simplest procedure to remoVe the precipitated chromium 
' compounds ds^by:. -filtration... 

' - ft^jgcordance with a g^ci g nd. aspd o t ^- of - the . 

present i]ivehtion7'~-'^i<metal pyrrol id 
catalysts or cocatalysts^iAr^al^o be prepared from 
35 salts of metals other than chromiuiBr'^^Taies^ary metals 
include nlcfcel, cobalt, iron, molybden^ 
.ab w ith, th e ' b hr a t i xiiB wnlt; t^ ^ aat a l ogldation atato o?^ 



„„iatuiitea h,ato==rl>on.. ^T"'''. . j,,' „ith the ' 

nickel, bobilt, iron, molyMMu™, ana W« • 
. salt, . tK. -t.lcHa.Uon state ;oe ^ . 



eleineritiai, oir metallic, state. These novel oetai 
pyrrolides cm jpe pfepared in^^ to the 

previously described chroB^ua pyrroli^^^ 

The, chromiuD or other metal compounds 
prepared by the s^jpyeoprocess can be used, elther^ tx' 
supported and/or . unsupported\catalyat system, f 6r ; 
olefin trin^erizatioh, oligomeriaa^^ ■ 
.pol3hn«rization. , - A supported ohromium catalyst system 
can be prepared .witi» any support useful to support a 
9'Pi??P';^a^lyat> EKempla]^ catalyst supports' 
^ iittiludei, Init^' ar^ ;not^^l^ to,; zeolites; inorganic 
9*i4es,, eit3i(8r ijlpn^ conajination, phbsphated 

inprgahic r oxides, end^^^^ thereof > Particularly 

prefeiied /are; sup^^ seleipted from the group 
consisting of silica,, silica-^^^^ 
fluorided aluiaina, 'ailated alumina, thoria, 
aliminophdsp^at^, alumihvua phra^ phosphated 
siiica, phosphat^: ei^^^ silida-tltahia, 
coprecisiitated BllicVtitania, fluorided/si].ated 
alimlna,, and idxtiiM^^ thereof , being presently 
preferred, as well as any ^pne. or more at these supports 
whic£h can contain chromium. The presently most 
preferred cat a l^^st support, because of the greateigt ' 
triiaerization activity, is aluminophdsphate, ae 
disclosed in U.S. Patent 4,364,855 (1982). 

The amount of chromium pyrrol ide comgburid per 
gram of support can be expraesed in different, yet 
eijuivalent tsp>s, sucdi as, for example, 1)^^^ 
chromium per gram of support". Usually, less than about 
S.6 X ID."^ moles of chromium per grewi of support is 
sufficient. Preferably, about 1.7 x IQ** to about 1.7 x 
lb*'' to 8.6 X 10'* moles of eshromium per gram^ of support 
■ar6 used, for reaabnp given abbve; 

After the support is addfsd and thoroughly 
Gonbihed with the chromium i>yrr61ide> it can be 
coiiected by filtrationi vicuum diried, then dh 



actlvatij^g cbiDltpound, usually as , a solution of one or 
sfbre . Lewis adids and/or ipetal all^ in 
. hydrocarbon coBj^ouhd solventy. Is added, to ^^^^ 

suppprt/chronlum pyrrolM*^ .mixture. An active, 
.' 5 supported ci^taiyst .systea then can^ 

fiitration. As used^ih this disclM^ 
is;deflned as any >c^^ is an elestrpii 

acfceptor; f>refete^^ 

coinpounid that; can .be boh Lewis aoid and a 

<- . '10 metal .all^l. : A^^ more broadly deacril^ present 
, ai|plication, the ac^^ 

^ availab^ijt^y. and e^ 
will tisvf&liy ooQEqprisjB leas than about 70. carbon atoms 
.15 per^ metel j^lqrl^^biecule and prefer^^ less than about 
20 carbon atoms peir Moleoule. Preferred actiyatlh? 
compounds which are.: both a met^ a Lewis ap id 

inoloda, but Varia npt 
; ' conqpounds, alkyiboron/odmppundSf ' alkylmagnesiun, 
20, alkiril-zinp, alhd/or a'lkylllthium compounds. Exemplary 
metal alkyis. include^ but arb h^ . 
butyllithium> k-butyU^^ t^butyiUthium, . 

diethylmaernesium, dibutylma^esiiim, diethylzihc, . 
trietiiyiiluminum,. trimethylalumxhum, ,. 
.. 25 triisbbutyialumihum, and mixtures thereof. Host 

. preferably, activating compounds are selected frois t)xe . 
gro^]>. cbnsijitlng of . non-hydrolyzed, i.e., hot pre- 
contacted with water, allqrlaluminuB compounds, 
' deriyativea of alky laluminum compounds, halogenated 
30 allqflaiuainum conpounda, and mixtures thereof for 
improved product selectivity, as well as improved 
qat^lyst system reactivity, activity, and/or 
productivity. , Exemplary compounds include, but are not 
iiBltdd to,, triethylaluB^inuB, triptropyla^ . 
3^ tributyialuiBinu&ji diethylaluninun ohlbride, 

dlethylaluminum bromide, dlethylaliiminum ethoxide, 
ethyla^ituninuffl seaquichloride, and mixtures thereof for 



best catalyst sys^ activity and product selectivity. 
The: nbst preferred alkyi^^ 

activl±^^and product select ' 

. : Any amount of activatlrig compound, such as a 
metal alkyl and/or. a Lewis ,ac.id> ds. . sufficient to 
activate and/or react with the chrbiBium pyrrolide 
catalyst. Usually.: about 200 grams of activating 
cotapoiind/ i.e., metal alKyl and/or a Lewis acid, per 
^ ^am of chfconium can be usied; Preferably, about i to 
about 100 .graBs^oi^ S^^ as a metal 

allcyl and/or a Lewis acid, per gran of chromium 
>3^r4>llde, Md B6stf*;ii^^ to about 30 

, grams of *ctivatlngr compoiM^ alkyr 
ari<yor a ^wis acid, pir gram of chroipium pyrrolide are 
used, for best cataiy^^ However, thfe amount 

' Of actlva^tlhg. bbapbund, siioh as a metal alkyl and/or a 
?*wis aold employed can Viry wit^ catalyst support 
ueed^ For example, if the support tis silica and/or 
alumina, too much activating compo such as a metal 
alkyl and/or^ a iiswia acid ^ catalyst 
; acttyity. Howeysr, a "similar amount of activating i 
conpourvJ, such as a metal alJcyl and/or a Lewis acid, 
Bised with an alUDinophosphate support not always 
significantly decrease catalyst activity. 

As more broadly described h^^ 
hydrocarbon compound used as a solvent can be any 
cosbinatlon of one or more aromatic or aliphatic 
unaaturated hydrocarbon compounds, Wiiie not wishing 
to be bound by :tli*|qry, it is believed that art ' 
unsaturated hydrocarbon compound acts as more than a 
solvent, and can be a reactant and/or a stabilizing 
component Quiring and/or subsequent to formation of an 
inventive catalyst ayataa. Exemplary unaaturated 
hydrocarbon cpapounds, such as, for example, a solvent, 
can be any unsat|urated hydrocarbon compound that can 
dissolve the aotivatlng cqmpouhd, i.e., wherein the 



- activating compound can be Lewis acifl and/or metal alkyl . 

In accordance with a third, aspect of the present , invention 
in. addition to the aromatic compounds having from about 6 
to about 50 .carbon atoms, per molecule as a solvent as 

■described ,in our .above application there can be used 
unsaturated aliphatic hydrocarbons comprising leas than 
about 20 carbon atoms per molecule. Said third aspect of 
the present invention provides a 'process . to prepare a 

. catjalyst system comprising reacting^ a ^mixtiire of: 

(a) ' "a metal .'salt; ■ 

(b) a metal 'aml'der aiid 

(c) an' electron pair donor solvent and reacting 
the . resulting reaction product with a metal, alkyl; and 
reacting the resulting teaetioh- product with an 
unsaturated, aliphatic bydroGarbou comprising less than 20 
carbon atoras per molecule. Specific exemplary unsaturated 

: .alipha.tic compounds -include T. ■ 



^liq^^"■•-^a.i^^ of ^iie present 

. invention in^aaifcl,^i^to ttie aromatid , compounds having''' 
fr<sm about ,6 to about SlT^sai^OT atpm^^^ molecule as a 
^o3.y^erit as descrifa^ in Qu can 
bemused imsaturated aliph^^ hydroca^onS-'-oacj^ri 
lesB t|ian abbiit 20 -carbon -atpins par molecule. SpeSiSip' 
< yaimn1 anr iiT^ '■ at jjjihaifci&^coinpnH n d 1 hei ndri 

etiij^ehfli, ;-;J'^^en^ iixtjires 
tboreof:^ . • yheiM preferred imaaturated aliphatic 
hydrocarbon compound is ethylene. because of elimination 
of catalyst systeia preparation st|sps and ethylene can 
be a trimeriifi^ion • ^nd/or pligomeri^sation reactant.^ 
Specif icv exemplary tm 
coapourias iiwsiude, biiit aM 

benzene j xylene ; mes itylene , hexamethy Iben sane , and 
nixtureB thereof. As described in our above ^ - 
applicati6ri,. the most preferred Unsaturated aromatic 
hydrocarb6i)i coapouha sp^pnt is tolu^^ ease of 

remioyal. and ninifflal lnterf«:ence vith the resultant 
catilysf ■sfystein.- 

qche unsiaturated hydrooarbon compound can be 
prSsent either during the initial contacting of a 
chromium pyrrol ide and' activating compound, 1.6., prior 
to introduction into a trimerizatieihi oligomerizatipn 
and/or polymerisation. reactor, or the unsaturated 
hydrpcarbbn compound can be introduced directly into 
the reactor. As stated aODove, one or more of the. 
dleflA react^nts can be considered the unsaturated 
hydrocarbon. Preferably, the tmsaturated hydrocarbon 
is present during the Initial contacting of a chromium 
pyrrolide jind. activating compound in order to stabilize 
the resultant catalyst system.. In the absence of an 
unsaturated hydracarbon,' the resuitant catalyst system 
can, deactivate and lose activity ever a period of tinte. 

... While any amount of unsaturated hydrocarbon 
compound can be used, too niich or . too little can 



.y adyerse'iy affect catalyst system activity; Therefore, 
preferably/ the resuitaitt catalyst system is stripped 
of any excess unsatOT^^ 

Stripping of excess unsaturated aroihatia hydrocarbon 
Can be accomplished by any method known.in the art, 
^H°ft,^Sf for exainple, sol vent, r 

Exemplary removal methods Include, but are not limited'^ 
to, filiation, vacuUiii;;drying/dr^ 
atmosphere, . and cbfabinations . thereof . While riSt 
yiahing to be bound by theory, it is belleyed that the 
remaining unsaturated hydrocarbon can stabilize the . 
resultant catalyst system i If ho unsaturated 
hydrocarbon is present, it is believed that the ^ ' .. V 
catalyst system Jean lose activity. 

An alternative, and then preferred, method in 
accordance witJi the above application Ibo produce a 
supported catalyst syaten fs to coabiiie one or more 
solid, involve chromiua pyritjlide compounds with an 
unsaturatya hydrocarbon solvent, as more broadly 
diacloB|d herein, sb as to include, for example, 
tolue^o:' and/or ethylene; and an activating compound, as 
.\ J:$^^^M^^^ ^^^^^^^' such as a metal alkyl aind/or a Lewis 
"■^HsiiS^^suoh ks, fqr exaj^ 

; 'Inviaocbi^dahce with a fourth aspect of the 
present inyehtloh, a catalyst system can be prepared by 
^ibslbining a metal source, a pyrrble-containing 
compound, and a petal all^l and, preferably, an 
unsaturated hydrocarbon compound, in a mutual solvent 
without a ipreliminary reaction step using an electron 
donor solvent (for reaction between the metal source . 
and the pyrrole-cpntaining compouhd as described 
Bh e o pti o nal i un o aturat e d - h y d g oe aa ^ 



example :t^[iianeT.JeanBerve as the mutual solvent. In 
the absence of stwh^^muKsatiKaied^drocBrbon serving 
> jia f-he 'antiiwi Hn^vKni■^ »Hoirn- bg' l iB a^t T-s f c acexamp l e , 



above) . Said ^ fourth; aspect -of , the. Invention provides a 
-process to prepWce . a catalyst: system corapf is ing comfaining 
a metal source,, a pyrrole-containing Vcdnipouna "and a metal 
alkyl in a mutual solvent without a, preiimijiary reicfcion 
step between the metal source and ,^he pyrrole-containing 
compound in the' presence of an electron donor solvent. 
The optional unsaturated hydrocarbon^' for example toluene, 
can serve as the mutual solvent.' . In the absence o£ .Such 
an unsaturated hydroca^rbon serving as the mutual solvent a- ^- 
there can be used, "for example, >. -, 
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oyclohexahe;. . These catalyst sy steis can further: \ ' 
aampi:ijs& C9.^^ the metal 

^purqa is. a. chrpmlumr sburce^-b^ ot^the other 

metals ais deiBscribed above. 

. The chrbmiuin sourde^^ 
iSiscussedohromiqm salt > can Be one or more organic or 
inorganic, chromiim cb^poundsv wherein the ch^ 
oxidation state iss 'from 0 to 6.; As- used in th« . , . 
disclosure', chromium metal is included in this 
dfef init:ion of jfi Generally^ the chromium 

^piifce .will have a f qrmuli of -CrX„, wherein X can be the 
sjBEiet or ditfeyent, amd pan be any organic or inorganic 
radical, aiid h Exemplaiy 
. pieganio r«^icais can have from 
qSrbon itoins per radical and are sedeoted frbia the 
group consisting of al]cyl, alkoxy, ester, ketonii, 
arid/or amido radicals The organic radicals can be 
straight-chained or branqhed, cyclic or acyclic, 
aromatic or aliphatic, can be made of mixed aliphatic, 
aromatic^ and/or cycibaliphatic groups. Exemplary 
..inorganib radicals include^ .jdut are not limited to 
halides^ efulfaiies, and/or oxides. 

Preferably, the chrbmium source is a 
chroniuni(ll) - and/or chromium (lit) -containing compound 
which C3OT yield ac catalyst system with improved 
trimerizat ion activity. Host preferably, the chromium 
source is a chromium (III) compound because of ease of 
usa, availability, and enhanced catalyst system 
activity. Exemplary chromium (III) ' compounds include, 
but are hot llmltiad to, chromium carbpxylates , chromium 
naphthenates, chromiua halldes, chromium pyrrblides,' 
ahd/or chromium dlonates. Specif ic exemplary 
chromium (I I.I) con^unds include, but are not limited 
to,; chrbatlumiill) 2,2,6, 6-tetramethylheptanedionate 
iCril^O},}, ;xihromium(m)2-ethylhe^^ {Cr(DH)3]> 
chrbmiumCllljhaphthenate tCr(Np)3], chromiua(lii) 



. chromic Jjroniide, : chromic chi^ chromic fluoride, 
chromium; (il;i) ;;pxy-2-ethyihexa^^ chromium. {Ill) 
<iicl]^ldroethyj^ (ill) acetyiacetonate, 

5 . chromium (III) acetate, chromium (ill) butyrate, 
\. .. bh'iTOaxum jam-ate, 
v J'*?^^"^ &t^rate,; ■ (IIS) pyrrdllde (a) , 

. ^nd/or-;chroaiiim^(iii). ^^^^ ^ 

' . Speicific-. exemplary chromium (II) ;compomids 
10 .includfi; but "^e - not limited to, chrpmous' fluorid^, ' ■ 
. . cferomous chlpri<?e> chromotus bromide, chrbmous io^ 
\ "^ooi™ .^) ^s^^ ^htoml^um (ii) 

acetate/^ saroiii|um^^^ chromiumUlI) neopent- 

, ■ aiioatei, chrojni&^^^ laurate, chromium (il) ' stearkte, 
.15^ chrdBiui; (±i) p5*r^ and/or chromium^ (II), oxalate. 

, 2?he py^^^^ 

- pyrrdle-cohtairiing c will react' with a 

chromiim salt to As 
iised; in this displpsur^B, the term '^pyrrolercontaining 
20 ■ compound" reifM^ pyirriilide,, i.e., pyrrole, 

t^*M^V defiya)bives; of hydrogen pyrrolide, as well as 
: inetal pyrrolide domplexec; a "pyrrolide* (or a r 

Vpyrrble!" as ref erred ,to^^^ 
: ihy^ntion):; can ba any compound comprising a 5-iaeiiibered, 
25 : nitrogen7C"ohtaining ho^ such as, for example, 

pyrrole, deriyatiyes'' of pyrrole, and Mixtures thereof. 
Broadly; the pyrrolet-oontaining compound cian be pyrrole 
a^nd/or ajfiy heteroleptic or hoaoleptic metal complex or 
salt, contaihing a pyrrolide radloal^^^ The 
30 pyrrple-cbntaiiiiiftg compojind can be either affirmatively 
added to the reaction; or generated in-situ. 
Generally, this pyrrble-ciontaining compound vlll have 
froia about 1 to abo^^ 
Exeraplkry pyrrbiides (or pyrrole^^^ 
35 pyrroll^e (pyrrole),; derivatives of pyrrole, ^ 
: substituted pyrrolides (or pyrroles) , iithlua 
pyrrolide, sodium pyrrolide, potassium i>yrroliae. 



pyrroXides , because of high reactivity aiid activity 
, wilj^ the other -reactan^.^^^^ bf siibstiiuted 

pyinrolides (or pyrroles) include,, but a^^ not iimited 
i to pyrrble^2-carboxyllc acid, 2-acetylpyrrole, pyrrole- 
' . -:a-rcart5ox9ldehyde^.: t^^^ 2,5*? 

dimethylpyrrol^,' 2>4T-diEiethyl-3-ethylpyrrole, 3-acetyl- 
^. 2j4.-diniethylpyiiole,^ ethylT2>4-dimethy 

(ethoxycarbpnyl) -Srpyrroler^p^opionatfeV rthyl-S ^ 5- 
' . "^iia^thyl-S-pXrrole 

_ containing _:coinpo!uind .contains : chr6aiui^. ti« resultant 
t^romium comipovix^ can beiicalled a chromiuin^pyrrolide. 
r " The. Bpst,; preferred pyrrole-coritairiirig 

^coinpounds^us^^iri^a^^^ syst^^are 
, .7?^lected" fromJ;th© group COM 

pyrrolide,_ i.;^,, pyrrole (c^s^M) arid/or 2, 5 -dimethyl' 
■ pyrrole. Whil.e'all pyrrole-containing compounds can 
' produce coi^iy^JjiQi high aptivity and pro<|uGtivit^^ 
use. of pyrrole. ■ami/or 2,5-dijaetKylpyrrole can produce a. 

activity- arid fljelictiVity 
. to a desired trimeriaed product, such as/ foi examSle, 
' the trimerizatipn of ethylene to ^i-hexene, a* well ^a.; / 
V . decreased, polytter-iproduet^^ ■ 'J ' \CP 

; ''^f i^sV aia^ to earlier iai^- 

an activating cbmEioui*a, : M^ be ^ny heteroleptic or- 
homqleptic. m^tal aliiyl compound. Ohd or abre inet a 
alltyls can bff tJ^ed-- The ligfand(R)t^pn t*e^me^^ 
aliE^atlc^;and/pr^r^ \ 
a»^e any saturated o^^^^ unsaturated aliphatic radical. 
The metal aiiiyi can have smy number of carbon atoms. 
Howler, due to coBmerpUl avails*^ and ease of ; 
use, the wet^ alkyl will usually comprise less than 
about 70. oarbon ato^s per metal ali^l molecule and ; 
■preferably less than about 20 carbon atoms per 
molecule. Preferred metal alkyls include, but are not 
limited to, al]<ylaiuBihua coii]poundB, alkyibpron 
compounds, alkylraagneslum coapounds, allcylzino 



compounds_and/or all^illthium compounds. Exemplary' 
Hetal alks^l^^^lncaude;; but are not^l ■ 
bulfi^mtMyin, : s-but2llithi^^^ ^' 
diethylmagnealum; 'dfethyizincv tr^^^ - 
trimethylaluminum;^ trilspbutylalu^ and mixtures 

thereof. , ^ 

:*^°st preferably, aeWvatlng compounds are 
selected from the group consisting ''of non-hydrblyz^^^^^ 
I.e., not pre^contacted with water, alkylaluainum 
compounds, derivatives of alkylalumlnum compounds,." 
halqgenated alJiylalumihum con^ioundsV and nlsct^ 
thereof for improved product seiedtivity, as Well . as 
improved pataXyst ei^t^ reactivity activity, and/or' 
prpductivity. Exemplary compounds Include, but are not 

. tri&i^iylai^^ 
diethyiaiuininum bromide; .diethylaluminum ethbxlde, 
^ ethjflaiuini^um s6sq»^^ and jntjctures thereof tor 

best catalyst system activity and prbduct selectivity. 
The moat preferred alkylaluminum compound" is" 
triethylaluminum, for bast results in catalyst system 
aetiyity arid product seieotiyity, as veil as commerciai 
■ vavailabilityi" ■ ' :\' . ■ 

- 1^ system is the 

desired product:, th^ aqtiyating cpinpound eue* be at ' ' 
ieast one npn-hydrolyaed allq^^^^ compound,: 
e^rsBsed by the generai fbraulae AlRj, AlR^x, airx^, 
>l»^,. AlWW«i and/or r is an alkyl 

gr^'iip and X is a halogen atom. /Ekemplary compounds 
include, bflV are not iimited to, triathylaiuminun, 
triprbpyialiifflihii»; tributylaW^^ , 
dibthylaluMiiiuaehloride, dietoyialuminui^ 
difii^ylaiualnuaethojtidev diethylaluminim phenoxide, ; 
ethylalufflinunethoxychloride, and/or ethylaluaihiun 
seagiiichloride. Preferably, the activating compound 
. for a trimerisatioiV; catalyst sjfstea is a 
tHaJkylaluminum bjaopbund AlK,, for reasons given 



abovBi The most preferred trialkylaluBinum corap^^ is 
V triethylalunlnum/ or reasons given afabve 

. ; 

systems qan take place; ;in. the; presence of an unsatu- 
5 rated: hydrocarbon.: vAB; discu 

- eisbodiment/ , an unsaturated hydrocarbon can be^^ 
eithpr dtiring the-; initial cdntacting of a chromium 
source, a pyrrole-containing compound and a 
alJgrl j .pr. can :be . introduced directly into a trimer- 
10 ization,-oligoaerizati0n and/or; polymerization reactor. 
. FurtKermote^. pne orrmorevof the 61^^ be 
. . : considered theviu ' . 

. .. . Any;, unsaturated. aromatic or aliphatic 
hydrocarbon? ean be used , Preferably / an unsaturated - 
15 : hydrocatebpn .initially ^is. present in the reaction ' 
miJiture and; most preferably, .an aromatic, hydrocarbon 
and/or ethylene initially is present to produce a 
-..higM^^ . 
Selectiyity^ vaa. w6ia :as^^ a stable catalyst system. The 
20 'unsaturatoa hydrocatbotf. can have number of carbon 
. atoms per molecule. .Usually, the unsaturated 
hydroearbpn will comprise less than about 70 carbon 
atonis parf molecule, preferably less than about 20 
: carbon atoms per. molecule, due to coin^ 
25 av^labiiity and ease .o^^^^ ^ 

:The^,unsaturated hydrocarbon can be .a gka; 
^. liquid, or, solid. Preferably, to effect thorough 
contacting. and ^nixing of the chroBium salt, pyrrole- 
■ containing ^^^compound, ' and aetal alkyl, the unsaturated 
30- hydrocarbon will be in a liquid ahd/6r dissolved state. 
-Exemplary unsaturated aliphatic hydrocarbons include, 
but' are not limited to, ethylene, l-hexene, 1,3- 
butadlene, and mixtures thereof. The mpst preferred 
unsaturated aliphatic l^drocarboh is ethylene, since 
35 ethylene can- be a reactant during trimeriaation, 
oligomerizatlon> and/or. polymerization. Exemplary 
unsaturated aromatic hydrocarbons include, but are not 



limited to, toluene, benzene, xylene, mesitylene, 
hexaaethyibenzene^. and mixtures^ t^^ Urisiaturated 
hydrocsarbonB. are: pref erred -. in ' order to Improve catalyst 
,: . system stability, l as welli as^ciinprove catalyst system 
5 ^ " activity. , The; most .preferred unsaturated aromatic 
r hydrpcarbpn; is itoluenev^ f or best resultant catalyst 
sjrstem stability and ,activity. 

^\ .If : an unsaturated aromatic hydrocarbon is 
' added prior to Introduction of tlie c^roniua cbmpound (s) 
IQ to ;:a trimerizationj t oligomerization an^^ " . 

. . -polymerization^, reacior, removal of ;> stripping, the 
imsaturated:^ro prior to introduction 

V ■ of the L.chro]aiuia..oompound (s>; lnto . a reactor can improve 
: catalyst .system activity and/br product seledtivity. 
15 Removal pf the unsaturated aromatic hydrocarbon- can be 
done- in: any manner known • in . the tart, such as, for 
example i flashing- or evaporation. ^ The resultant 
,: product is a concenttated, or saturated, solution of an 
Inventive catalyst system: 
20 . - When the unsaturated aromatic 'h 

. removed pj^ior to introduction to a reactor, the 
concentrated/, or saturated, solution of . an inventive 
catalyst system can be dissolved in a solvent 
compatible, with .the : trlmerization, oligomerization 
25 and/or polymerisation process to improve ease of 

handling the inventive catalyst system. Generally, the 
solvent is the same as the reactor diluent. Preferred 
SQlvent9 include, but are not limited to cyclohexahe, 
isobutane, >h«a3cane, pentane, and mixtures thereof. - 
30 :. The reaction, optionally, also can. take place 

in the presence of :a halide source; The presence of a 
halide source in the reaction mixture can increase 
catalyst system activity and productivity, as well as 
.. increase product selectivity. Exemplary hal ides 
35 Include, but are not limited to fluoride,/ chloride, 
bromide, and/or iodide. Due to ease of Use and 
'avallabilitVr chloride' is the preferred halide. Based 




. >. • . .:- 16::- 

Oh iaprovedieictivity, productivity, and/or selectivity, 
broiaide is the jnost preferred halidOi-^ 
L. . - . The halide ^sourcef- can be any compound 
containingi a halogen. Exemplary' compounds include, but- 

.5^ arejiiot limited -to compounds i^with-. a general formula of 
H^^:,- wherein R can be any organic and/ or inorganic 
. radicaL/.K can be "a halidej selected from the group 
consist ing . of - fluoride, chloride, , bromide, and/pr 
iodld'e/. aiid n can>;be a greater than 0. If 

10 , :r issan organic^^^ra has from about 1 

' ; to abbut'•;70^ carbon ;k per. radical , most preferably = 
frpna'l <tb 20 carbon atooa^ per radical/ for. best 
compatibility and catalyst system activity. If R is an 
inorganic" radical; preferably R la., selected from'^the ' 

15 . groupi-consist'ing. of aluminum; silicon,,. germanium, ^' 
hydrogen, boron, lithium; tin, gallium, indium, lead, 
and mtJdiurea thereof . Specific exemplai^ compcunda 
iheiude,^ but are -not limited to, methylene chloride, 
: chlordforffli ' bensylchl'oride, silicon tetrachloride, tin 

20) . (II) chloride; 'tin- (TV) chloride; germanium 

tetrachloride;, boron trichloride, aluminua tribromide, : 
aluminum trichloride, 1,4 -dl-bromobutane, and/or 1- . 
.^hxcmobutariev . - 
0 Furthermore, the chromium source, the metal 

25 ^all^a^l ahd/or unsaturated hydrocarbon can contain and 
provide a halide to the reaction mixture. Preiferably, 
the haiide Bource is amalHylaluminum halide and is 
used In conjunction vith alkylaluminua compouncls due to 
ease of nee and compatibility, as well as improved 

36 catalyst system activity and product aelestivity. ■ 
Exemplary: alJqrlalUBlnua halides include, but are not 
lijnited to, diieobutylaluminum chloride, ' 
diethylaluminum chloride; ethylaluminun sesguichloride, 
ethylaltimlnum dichloride, diethylaluninun bromide ^ 

35 dlethylalusiinura iodide, and mixtures thereof. 

When a . trlmerization catalyst syaten is the 
desired produot, preferably; the reaction mixture 



comprises a hallde . sources FuriUienaore, most 
preferably, the hali^de source is selected from the 
group consisting of tin (IV) halides, germanium 
halidea, and mixtures thereof . The halide source, most 
preferably, is combined vith 'the chromium soiree and ' 
Py^T'f.Pl^-containing cpmpo^^ to additioii of a 

metal aikyl, i.e., the chromium source and pyrrole- 
.containing cowoiund ,are prertre 
source, to increase catalyst system productivity. 

The amount of each reaotant iised.to prepare a 
trimerizatioh ^jajralyst system can be any amount 
sufficient that, {when coniined with' one or more' 
olefins, trimerization, as defined in this disclosure, 
occurs. Usually, to prepare a trimerization catalyst 
system, about pne mole of chromium, as the element 
chromium' (Cr) , can be combined with about l to about 50 
moles of pyrrole-containing compound and about i to 
about 75 moles of aluminum, as the element, in an 
excess of unsaturated hydrocarbon, if an optional 
halide source is present, usually about 1 to about 75 - 
. flol^.s of . halide;, as the^ are present. 

Preferably, about l mole of chromium, ^calculated as the 
element chromium (Cr) , can be combiiis^ with About 1 to 
about 15 moles of pyrrole-containing .odiBpemrid Vnd about 
,5 tp about 40 moles of aluminum, calesulated as tk^ . 
eleaant aluminum (Al) , in an exeessr of unsaturated 
hydrocarbon. If jan optional halide source is present, 
preferably About 1- to about 30; moles of halide, 
calculated as elemental halide ; (X) , are present. Most' 
preferably, .about pnfe mpleiof chromium, as the element 
(Cr) , is combined with two to four moles of pyrrole- 
containing compound and 10 to 20 moles of aluminum, as 
the ;^ilement (Al),^in an excess of unaaturat«i 
hydrpoar^jpn. If an, optional halide source is present, 
mpst preferably 2 to is jaoles: of halide, as an element 
(X), are present. 

An excess, of pyrrole-containing compound does 



not appear to improve, catalyst syaten activity, 
4..pi^«ptiyity,- and/or? selectivity. An unsaturated^ 
hydroca^bpn can improve catalyst system stability, 
activity,; and/or selectivity. An excess of the 
'"unsatiarated hydrocarbon can harm catalyst syst^ 
selectivity and/or activity^' Too. mfich alkylaltuninim 
can decrease catalyst jsystem activity and product 
aelectiylty^ , Too little alJcylaluninuB can result in 
incoinpletts formation of a catalyst iaystem, which in 
turn, can result in low catalyst system activity and 
increase formation' of undesired- polymeric by-products. 
An excess 6f an. optional halide source can deactivate a 
catalyst system, and .tSeref ore can result in decreased 
qat^lyst systaa activity. As. stated earlier^ presence 
of a hallde source can increase catalyst sy stein 
activity artd product selectivity. 

V - In apqordarice with the fourth aspect .of the 
invention preferably the pyrrole-containing aoupound is 
pr^s^t; in. ttie reaction mljeture ^together with th^ metal 
source prior to \the introduction of the metal alkyl. 
If this order of addition is followed, a better 
catalyst .system, in terms of product. selectivity and 
catalyst system activity and productivity, can be 
produced..--.'-- 

. - The reaction preferably occurs in the- absence 

of, oxygen, which can deactivate the catalyst, and under 
.anhydrous conditions. I.e., in the initial absence of 
water. Therefore a dry, inert atmosphere, such as, for 
^anple, nitrogen and/or. argon is most preferred. 
Additionally^ the metal alkyl is a nbnrhydrblyzed iiietal 
alkyl. • . ■ - .;' ' .. 

- The reaction pressure can be any' pressure 
which does not adversely af f 6ct the reaction. 
Generally, pressures within the range of from about 
ataospheric pressure: to about three atmospheres are 
acceptable. For ease of operation ataospheric priessure 
is generally employed. 



= , . The reactioi^ temperature can' b'fe any 
tHBperatiire; in order to effectuate a more efficient 
reaction,, temperatures - whidh reaction 
mixture in a liquid state; for^ reasons given above, are 
5 preferred. 

. -The^reaction ;tiine :.'can. be any amount of time 
necessary for the reaction' to occur. The reaction can 
considered -a dissolution process? a^^ amount of time 
; , which; can dissolve isuBst^intia^^^ riSactants is ' 
10 sufficient. Depending oh the react ants, as well as the 
. reaction temperature ; and pressiff^ reaction - time can 
vary, usually, times of less than' about l day can be 
. sufficient. r Usually/ reaction time is less than about 
. 60 ninuteo. under optimua :conditions, the reaction 
IS . tine can be within the range of froii about 1 second to 
about IS; minutes. Longer times usually provide nb - ■■ --^ 
additional benefit and shorter times may not allow , 
■ s^fficleiit time for icomplete reaction. ^ 

A heterogeneous, i.e., supported, catalyst 
, 20 syst^ can.be prepared in accordance with the fourth 
aspect ^of the invention in-situ in the reactor by' 
-adding splid support directly to as 
stated earlier, exemplary catalyst supports Include, 
but are notMinited to, zeolites, inorganic oxides, 
.25 - either alone. or in combination, , phosphated inorganic 
oxide^,: and mixtures thereof. Particularly preferred 
are supports selected from the group consisting of 
silica, silipa-alumina, alumina, fliiotided alumina, 
silated aluBina/^thoria, aluminophosphate, aluminum 
30 phosphate, phosphated silica, phosphated alumina, 

silica-titania> coprecipitated ailica/titania, - ■ 

fluorided/silated alumina, and mixtures, thereof , being 
presently preferred, as well as any one or more 'of 
th^se supports which can contain chromium. The 
35- prasenftly sost preferred catalyst support, because of 
the greatest trimerizat ion activity, is 
aluminophosphate, as . disclosed in U.S.- Patent 



4,364,855. In-situ, preparation a heterogeneous 
catalyst system, = used in; a ti^iffleriM^ 
oligoBeirization ■process r^^^^:^ 
forination' pf'.ppi^ - .. .'^ 

. Het^K^eneous iiSperization, oligomerization, 
and/or polymeirizat^idn b^ be 
prepared in accordant the 
i^vyeStlon by , f ora^ 

chrdm^iua source, a jpirrole^coQiei^ a metal 

■Alkxlt fan UnsaturateiS ifxydrpcarbon, and an iiibfganic 
.oxide, as disoipsed - earlier, ; pjitibnally , as disclosed 
earlier, a halide . source. ca;ili be added, Heaction 
stoi^hipmetries amd £ea1|itlon conditions are. the. sane as 
those disclosed fo^ the 
invention. 

Any ^excess of chrdmima source, in relation to 
ttie inorganic oxide batalyst support, is sufficient. 
However ; uSaially , less liaii about 5 grams of chromium 
pyrrbiidjB eomppiind^ gram of catialyst supi>ort is 
sufficient. Prefer^ly, about 0.061 to about O.Ol to 
64 5 gram of chrpmium pyrrol ide coa^ound, . or chromium 
source, per gram of support is us4d for best support 
loading and most efficient use of the reagents. The 
.amount of chromium pyrroiidd, or chromium source, 
i3(oapouM per expressed in 

di«firent> yet o0iiya^ht te 

iwies of chr^^omium per gram bf support Usually, less 
than about 8.6 X lO"' moles of chromium per gram of 
siippbirt Is sufflcisnt. Preferably, about 1.7 x 10"' tp 
abput 1.7 X 10"' to 8.6 Vio** moles of chromium per gram 
of support are usea; for reasons given above . 

The resultant heterogeneous ' catalyst system 
can be oolleoted by filtration, to recover a solid 
catalyst system product. The solid catalyst system is 
preferably kept -under a dry, inert atmosphere to 
maintain chemical stability and reactivity. 

pur Application Mo. 60146/90 filed J august 1990 



. describes %9iy^!8i^i^tion 

ej^stems, tlie cooataiyst inciudin? iiiventiya 
chroaium compoirods" of j^^^ Auguet. 1990. 

Generally, polVmefizaitiortf-cataly^^ systems are ' . 
5 considered Either chrpait^ 
Phiiiips Cat aiysts «T j V 
vaniaiaiHm-contaihlrig-t^^ = 
,5 f to 

; can be -usfed. Ci^^ available cttrosaium catialyst - 

.10 %st(^s/typtcai^^^ a portion 

of wjhich is in t5ie hexayalent-^state,. -stipported on, an t. ' 
inorganic, oxide; bptibnan^^ 

cataiysi system can further pom^ co- 
^ cuftalyst^ Exeaplaiy dhromivua catalyst sys teas include , 
15 - but a^e not limited to those disclosed in U.S. Patents 

3i8S7,494r 3,900,457; 4',053,:436; 4,151,122;: 4,294^724; 

4,3192,990; and 4,4057501; 

Aiiy titahiua, [zirconium and/ or vanadiua- 

containing catalyst system knqwn in the art can also be 
20 used. Commercially available titanium, sirconium 

and/or vanadium catalyst Bystem typically gomprise . 
; cpnplexes of tzansi^^^ 

o3?ganometallic compounds, Exasijdayy Bagnesiun/titanium 

catalysts include, but are not iimit«d to, thOK 
25, disclosed in U.S. Patents 4,3^94,291^4,326,9881 and 

4,347,158. 

The amount of novel trimerization and/or 
oligomerieatioii cocatalyst systems, including the 
, inventive chromiun conj^ipunds used ais a cocatalyst can 
30 be ^ny amount sufficient to generate a oomonomea: that 
caii'bG incorporated into the polymer product. The 
chromium catalyst systems prepared by the various ;. 
aspects of the present invention can serve as 
cocataiysts in conjunction with the titanium, zirconium 
,35 and/or vahadium-contalning catalysts discussed above. 

The process of the above fourth aspect of the 



.invention in combining^^ this metal source, ahd pyrrole- 
containing compound, and %he metal aihyl, ain^ 
px;ef drably an uneaturatecl- hydrocarbon, avoids tno need 
to isolate the if irst faction 'prq^ 
processes described in pur eibqve-mentioned ; 
applications. FurtJiermore, the catalyst systeins. 
produced by -the process-: pf .ithe foutth aspect of the 
Invention have impjfpyed productivity arid selectivity to 

. the desired, trimeriza^ .for example in ^ 

prisducing 'bnefhexBne' fron el^yleney 

PblVTnertzation Reactarits 
ReactantS applicable for use in ■ ' 
polymerization with the catalyst systems and cocatalyst 
systems and processes of this invention are olcifinic 

' . compotmds which can' polymerize, i.e. , react the same or 
Vlth dtlier;pie£inic<£Comp!oiinds. Catalyst systems of the 
inyention can be used to polymerize at least one lineat 
or branched mqhp-l-olef in having about 2 to about 8 
carbon.. catoms. Exemplary compounds include, but are not 
limited to, ethylene, propylene, l-butene, 1-pentene, 

. 1-hexetie; Irootene, and mixtures thereof. 

The catalyst systeins of the present invention 
are also useful in oligomerlzation proi;nBses using 
olefin CDi^unds having from about 2 to about 30. barbon 
atoms per nclepiile and having at least one olefinic 
double bond. ■ Ex<5mplary mon6-p|',efin compounds include, 
.but are- 'ribt limited' to acycliti ind cyclic olefins such 
as, for exanplis, ethylene, propylene, l-butene, 2- \ 
butene, isobutyiiBne, 1-pentene, 2 -pentene, i-hexehe,v 2- 
hexene, 3-hexene, l-^eptene, . 2-heptene, S-hiaptene, tlie 
four normal octanes, .'the four normal nonenes, and \ 
mixtures of any two or more thereof. Exemplary \ 
diolef in compounds include, but are not limited to> \ 
Ifl-butadiene, isoprene, ■ 1,4 -pent adiene, and 1,5- \ 

. hexadiene. if branched and/or cyclic olefins are used 
as reaotants, \whiie hot wishing to be bound by theory, 
it is believed' that steric, hlndranc€> could hinder the 



.-:^3,-^-:;. ; 

, cyclic portion (s) of laieVolisflii preferably 
. distant: froi^ tta car^b^ 

' Trimerisation,. ■ as flsed this disclosure, is 
5 defined as the combination of any two, three, or more 
■olefins, wherein the number of olefin, i.e. , dbuble, 
bonds is redviced by two; .Reactants applicable for use 
in the trimerization prodess -of this invention are 
oief inic coioppunds which can a) self -react, i.e. , 
10 trimerize , ;to give useful products such as , for 

®*^Ple» «is self reaction/ of ethylene -can give one 
; bexene M<^^e:^el3^¥^^ gj^a 
i;5|ciyclodctadiejfei^^^ b) olefinic compounds which 
can react, with otter olef^^^ 
15 trimerize; to giTO=usefb^^ : 

■\ example, ccr^trlaierizatibij bf ethylene plus Jieiceiie can 
aWbr co-ttimerizatibn 
. -i.. °^V^***y^^n^ and l-butene givjes; w^^^ qctene, co- 
: trimerizatibh of l-dicehe and ettiyleh^ can give i- 
20 . tetradet^ehe and/oji: l-dbc^ co-trlnari2s^:ion of 

I,3-j3Ut«llene ^3 l,5;^h]^^ 

.octadec»aiene. Fot ^xamp of olefin bonds 

in the coinbinati<sn of three ethylene units is reduced 
by two, to one olefin bond, in l-hexene. In^nother 

25 exMple, ihe n^^r or bonds in the bpatoihation 

Of two l,3rbtttadien;e units, is reduced by two, to two 
olefin Iwnde in 1/5-cyclqbctadiene. As used herein, 
th^ tera "triaiBrizatipn" is intended. to include 
dim^rization of diolefins, as well as "co- 

30. trimerizatipn", botJi as defined above. 

: S^itaaJ^e triiaerizable olefin compounds are 
- those coiiiiounds having from about 2 to about 30 carbon 
atoms per molecuie aiid having at least one oief inic 
double bond. Ex^plairy mono-olcf In cbs^ounde Include, 

35 but are not iiaited to acyclic and cyclic olefins such 
, as, for example, etiiyibne,/ propylene, l-butene, 2- 
buteiie, iaobutylene,. 1-pentene, 2-pent.eiie, l-hexeaie, 2-* 
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hexeiie, 3-hexene, 1-heptene, 2-heptene, ,3-heptene, the 
four normal octenes >J the f diur ^nbraial^ hbrieries , and 
ffllxturea of anyt^^ 

diolefin coinpounds include, but are not llmited'to, 
1,3 -butadiene, 1,4 -pent adiene, and 1,5-hexadiane. if 
brajichedf ana/or. cyclic olefins are Used reactants, 
-while not wishing to be bound by theory, it is believed 
that sterio hindrance could hinder the trimerization"- 
proceee. Therefore, the branched- and/or cyclic 
portion(s) of the olefin preferably should be distant 
from the. oarbon-carbon double bond. - 

catalyst systsns produced in accordance "with 
this invention preferably are employed as trlnerlzation 
catalyst eysteas. ■ ■ ' ■ \. ■ ■> r- 



The reaction products; i.e. , trimers and/or 
polymers, can be prepared frbin the catalyst Bystems of 
this invention by solution reactions, slurry reactions, 
and/or. gas phased reaction techniques using 
convei^tipnal equipment and contacting processes. 
Contacting of the jaonomer or monomers with the catalyst 
system or. with the polymerization catalyst system and 
trlmerizatlon/oligpnerization cocatalyst system, can be 
effected byvany maimer Jqiown in the art of homogeneous 
(liquid) or heterogeneous' (solid) catalyst systems. 
One convenient method' is to suspend the catalyst system 
am Qicganic aediua and to agitate the mixture to 
\. maintain the catalyst system in suspension throughout 
\J:he trime'rization, oligoaerizatlon an<?/or 
polymerization process, other known contacting methods 
such as fluidized bed, gravitating bed, and fixed bed 
<^K^ also be ^ployed, one convenient method with the 
cata^yet/cocatalyst systems is to suspend a 
polymerization catalyst system in an Organic aedium and 
to agi^te the mixture to maintain the polymerization 
catalys^, system in suspension throughout the 
trimerizijtlon and/or polyiuerlzation process. An 




inventive cocatalyst system can then be added, a 
polymerization catalyst^ system and -^inventive cocatalyat 
system; preferably, can also be fed simultaneously to a 
polyneriaatibn reactor, via one or more catalyst and/or 
codatalyst system feed ^streams. Other contacting 
methods such as fluldized bed, ' gravitating bed, and ' 
fixed bed can also be employed with all these catalyst 
systems. 

Reaction temperatures and pressure's can be 
any "tMJperature and; pressur^^ 

ollgomerlzet and/or polymerize the olefin reactants. 
Generally, reaction tempetatures are within a range of 
about 0* to about 250*C, Preferably, reaction " 
temperatures within A range of about 60* to about ' 
200 -C. and most preferably, within a range of 80' to 
150 'C. are employed. Generally, reaction pressures are 
within a range of about atmospheric to about 2500 psig. 
Preferably, reaction pressures within a range of about 
atmospheric to about 1000 palg and most pfeferably, 
wlthin a range of 3Q0 to 700 psig are employed. 
Too Ipw o£..a 

too much .undesirable Insoluble product and too high of 
a- tMiperatur©: can cause decomposition. of the catalyst 
system and, reaction products- Too low of a reaotioh 
pressure can result in low catalyst system activity. 
Too high Of a pressure can cause production of too much' 
undesirable Insoluble produdt; 

. , 4 /- Optionally, hydrogen can be added to the 
xttaotor to accelerate the reaction anVbr increase 
^cataii^Bt 'systMi; activity. 

The catalyst systems of this invention are 
partiqularly suitable for use in trimorization and/or 
oligomerizationsi V The slurry process is generally 
carried out in an inert diluent (medium) , such as a 
paraffin, oydoparaff in, or aromatic hydrocarbon. 
Bxea^pi^ry reactor diluents include, but are not iimlted 
to, . isobutane and cyclohexane. Isobutane can decrease 



the swelling of the polymer product. Howevet, a 
hojusgeneous trlmerization/oligomerization cocatalyst 
system is mre :solubIe:ilnL cyclohexane. '.' . T^ 
preferred diluent for a homoganeoustrlmerization or 
5 aligomerization':prc3ess is pyclohexane and a preferred 
diluent for a. heterogeneous t rimer izat ion or " 
oligomerization process. is. isobutane.Hhen the : 
;,. reaqtant is predominately ethylene^. a temperature in 
the' range of^ about 0* to about :300rc^^g«ierally can be 

:10 lised. ^ Preferab3Ly> when the react ant is predominately 

: V "ethylene>' a : temperature in the range of about 60* to 
.about ISO* C. is employed. . 

; . A^^ catalyst system 

and /cocatalyst -syetem .oan :^^ - 

15. polymerization reactor r in ord^ to produce a polymer 
with a desired set of optimal properties, such as, for 
example, , density, melt index, high load melt index and 
molecular weights Usually; up to about 40 parts by 
weight ofra supported, i.e., heterogeneous, cocatalyet 

20. system .can be present for each part by weight of 

polymerization catalyst system. Preferably, about 1 to 
V about! 3 S parts :Cocatalyst system for each part 

polymerization catalyst system, and most preferably, 3 
to 15 parts by weight cocatalyst system for each part 

25 polymerization catalyst system are present, to produce 
a polyater with desirable physical and processirtg 
. CharacteriistiCB^ . 

c The olef inic and/or polymerlo products of 
30 this invention have established utility in a wide 
variety of application such as, for example, as 
monomers for. use in the preparation okhomopolymers, 
^ /copolyaera, and/or terpolymers. The polymeric products 
of this invention have established utility in a wide 
35. variety Of applicaton such as for example, 
: polyethylene. 

The further understanding of the present 



iwention W its .adv^ta^^^^ 
reference to the following examples. 

.. " f.xamples ,. . : 

. ■ - : Various/ equivajfet^^ 

' ^rthylaiuBiiwm cihlotiike^^ 
chropium (ill) 

hydrijgeii pyrrollde iis^ pyt^ IV; J 

^ t^trahj^ofiiEan as CrCl3THFj, CrCljCTH?),; 2,5-^ 
C iLJ»/ 2,5-DMPrbut^e a^ <V-^ l-hexene as 1-0^=? hexene 
tetradecpne C,4=. 

0.14 g (0.29 nmol) of chtoaiiia (IH) 2-r 
y ethylhexanoate (CrEH,), W Weighed iivbo a 

25 »1 pres^r^ t^e.- T^^ tube vas .:apped ^^^^ ^ 

^U^ljri^tp i^^ about 8 Bl 

total vblvuae, , * * 

i,.^ ml of a LtH aolutiton (0.99 »mol) o« 

a triethylaiukliiua (TEA), [Al(<yi,),]> ^ h^ane and a 
. 0.9 Ml ali^bl: of the CrBHs/PyH solution were added 
^iter a cbtimterflb^^^ ethylene (CP grade) to a 1 liter 
\^ocla^er^^ 
' form a catalyst system. The reactor was sealed and^ 
5 ethylene addition stopped until the reaotor teajerature 
: readied W reaction temperature ot 80-C. Thi. «thyleiie 
pressute'was inpreased to a total reactor pressure of 
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550 pslg.v Ethylene was then fed on demand for a 30 
ainute run time. At .the end of the run, a sample of 
.the..liquld:-reactionrproduct mixture was taken apd 
- analyzedr^ia. capillary gas chromatography. ^T^^ 
5 remaining reaction product mixture was. evaporated and 
, thei: amount of ; solid -product was^^^^d^ The^ 
results are^ summarized' beloWs in Table XXIII. 

Run 1002 

■ The procedure described in Run looi was 
10 : ..followed- except 8 ml of :& iVi :H Solution (8.8 mmol) of 

, TEA , 'in heptane was added directly, to the CrEHj/PyH 
■ . solution '^to form a colutlqn , ( 10 ml total volume) and 

not to the reactor. A 0.7 ml aliquot of the 
. Cr£3I^PyH/T£A7Solution was added to the autoclave 
.15 reactor. No Additional TEA. was introduced into the 
^ reactor. The results, are summarized below-^in Table 

XXIII. 

■ Run 1003 

; . ,The procedure described in the Run 1002 was 

20 . followed except O.lOg (0.29 mmol) chromium (III) 

. acetylacetonate (Cracac,) , [Cr (C5Hy02)3] , was substituted ; 
for CrEl^ and 6 ml of a 1.1 H solution TEA (6.S mmol) in 
heptane, was used in the formation of a CracaCj/PyH/TEA 
solution (8 ml total volume) , A 1.4 ml aliquot of the 
25 CracaCj/PyH/TEA solution was added to the autoclave 
reactor. Th<» results are summarized below In Table 
■ xxm. ■■ - _ . 

. L . Run 1004 

The"" procedure described in Run 1001 was 

30 followed except Oi 9 al of a ifi solution (0.9 mmol) of 
diethylaluainum chloride (DEAG) , [AlCl (CjHj)^] , in 
hexanes was added to the CrEKj/PyH solution to form a 
CrEI^PyR/DEAC solution. :. A 0.65 ml aliquot of ^the 
CrEH^PyH/DEAC solution and.0i9 ml of a l.l fi solution 

35 (0.99 mmol) of TEA in heptane were added to the 

autoclave reactor. The- results. are summarized below in 
Table XXIII. 
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. ■ Run 1005 

The proaedure described. in Run 1001 wais 
followed except o;<9 lnl ^of avr (0.9 inaol) of 

^DEAC in hexanes was added to the CrEHj/PyH solution and 
5 the resultant CrEHj|/pyH/DEAfc solution was aged for 1 day 
u at ambient temperature^Cand . -pressure, under dry 

nitrogen; A Oi 65/01 aliquot of the aged CrEHj/PyH/DEAC 
.. solution + i0v9,?i!a of ^^^^ff^^^^ 
TEA In - heptane' were added to the autoclave reactor. 
.£0 . The results .are^ suiuaariBed below In Table X^^ 
Run 10Q6 

The procedure descjrlbed in Run 1001 was ^ 
, : followed except a solution was prepared using 0.13 nil 
pyrrole. •Additionally, 1.0 jjl cf a 0.1 H^^solution {0.1 , 
15 mol) of DEAC in hexanes was added along with the TEA 
to the reactor, a'o.9 al aliquot of the CrEl^FyH 
splution was used. .The results are sumnarized b^low in 
, Table XJJIll. 

. Run 1007 

:2P^.^: : . in Run 1003 was 

followed except 3 nl^.of a 1.9 n solution (5.7 nmol) . of 
TEA in toluene was used -and toluene. was substituted for 
the cyclohexane diluent in the f oroation of the 
erEB^PyB/TEA~ solution; Thus^ an excess of toluene was 

25 preswit in the reactor/ A 0.9 nl aliquot of th^ 
. CrE^PylV^ solution -was jused. The results are 
suomarized below in Table XXIII. 

■ .-■■•v. Run lOOB 

The procedure described in Run 1002 was ; 
30 followed except .0. 10 g of a chroaium (III) pyrrolide 
(CrPy,) , [Cr(C^H^N)5ClNa(C^H„Oj)3] (0.17 nmol) was 
substituted for CrEHjv and a solution was prepared using 
0.04 al (0.52 mol) PyH and 3.5 ml. of a 1.1 H TEA (3.85 
inmol} in heptanes. The final solution volume was idbout 
35 5 ml. A 1.0 nl aliquot of the CrPyj/Py^TEA solution 
was used. The results are suimnarieed below in Table 
. . XXIII. . ... 



The procedure .described in Run loois was 
followed ejicept 1.8 Ml: of -a solution (3.42 

nuBol) -in toluene was used, shd ;toluene waS substituted 
for cyclohexane in the fornatibn of the tePyj/PyH/TEA - 
solution . Thus , c an ; (excess ^o£ : toluene was present in 
the reactor, A, 1.4 id aliquot of the CrPyj/pyH/TEA 
solution -was used.- The results^are suiomarized below in 
Table XXIII. 

■ Run 1010 - - .■- 

The procedure described in ORun 1008 was 
followed except no neat PyH' was added during the 
preparation of a CrPyj/TEA solution. A 1.4 al aliquot 
of. the CrPyj/TEA solution, in' oyclohexa^ was used. 
The results are sumnarized below in Table XXIII. 

The; procedure described in Run 1009 was 
followaca except no neat PyH was added during the 
preparation of a CrPyj/TEA solution. A 1.4 ml aliquot 
of the crPyj/TEA solution, In toluene, was used. Thus, 
an .exqeas. of toluens was prvsent in the reactbr. The 
results are sumnarlaed below in Table XXlii: 



/ 

.1; 
i 

I- ■ 
J 



I 



l!i H '^V'ri' r< ,4 rt H 

tj V ^ . . J V V „ V _V 

III H H rt H H ' f 

•S V V V V ^ 



V V V V. , V V V 



f 



(O ^ W (O V r» 



. ^CO . . .09 Ut) 



« ft O H H 



if " - 



S3. 



CO I CO « 



oi n o . 



m 

ill 
is' 



cp >« .10 p ip . m « . oi M 

CP . •<ii' «. <o ^ 4 g • in CO 

o - o g o o o. o o • o o a 

a :» . o - o o tfl n H H n 

H * a s a ;? r^- 

«>■■ ■■. 

^ ^ . H> H . H ui AO ir> in (ft m 

H o N H H H- « ol fj rS w 

rt pj n ^ in \o h> <e o\ o h 

O O O O O O O O O H ^ 

o o g o o o o o o S o 

H H .rt H H H H H 3 H H 



- 32 - 

: It , Should be -noted; that/; the/results in Table 
■ • XXlllv from Example x>: and the: results: in^ T XXIV, 
- from Example.XIvvare not.:idirectly?=con 
5 r«9action8;:condueted,fln. different reactors;^ u - 
- ' differentjcondltions; by the use of' different ethylene 
and - cyelohexane^ f eedatooks i as well : as . di f f erent 
'\ - ^ diluents i/.=^HoweyeEi - direct comparisons^^^ithin each . 

Example can ba.nade. 
10 ' , * , / Run- 2001 

' * * ^ 0.30 '9 {0.62<fiaaol) of chromiusi (III) 2~ 

:ethylhexemoate jtcris^)^ .^^ with 

V ' ;. 0.12::inl i{i.'s73 ffil of 

toluene I .2.8 ml of 1.9 U triethylaluminua (TEA.) 
15 solution (5.32 mol) : in toluene was added ^ .and the 

CrEHj/FyH/TEA solution; vas stirred for 30. minutes under 
. dry nitrogen/ ..-at -eoabient teisperature . and pressure. ;The 
~ dark vbrown CrEH^PyK/TS& splu^on was f iltei^ed and 
: : ' excess toi'dene.- was .relieved "^by vacuum stripping, which 
20 . resulted in 1.0 mr of a dark brown oil i used as '. 

catalyst system. .Under a counterflow of ethylene, OiS 
V m^^^^ system and 

4.0 ml of nonane (reactor internal standard) were added 
to. a 2 liter autoclave reactor at SO 'C.v whicti 
25. contained 1,2 liters of cyclohexan^^t"Th6 reactor was .- 
the^ preasuriaed with athylenerSjto SSOipsig, and the - 
: 'reaction was run for 30 minutJas, with ethylene being 
'f«d .on.deaand.- . - 

The results are summarised below in Table 
30 ■■■ XXIV. ... ■•■ ' . 

■ Run 2002 

.. .. Xbe procedure described in Run 2001 was 
followed exoepit diethylalumlnuB chloride was added in 
addition to the CrEiyPyK/TEA iaolution. 
35 0.53 g ( 1.10 mmbl) of CrEHj (10.15 wt. % Cr) 

was combined with 0.52 ml (7.5 mnole) of neat PyH in is 
. al'Of toluene and stirred for S.nin. 9.0. ml of a 1.9 H 
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TEA solution (17; 1 imoi) . in =t^^^ 

CfEHj/PyH/TEA' iSolution: was stirred overnight under dry 
■ . nitrogen : at aiiiBients:teinperaturff rand pressure.' Excfess 

toluene was removed: ;from the ; resultant ^dark brown v 
5 ^ ^solution viar vacuum stripping; which resulted in 2.5 ml 
of, a dark brown oil. 0.5 ml (lO.Smg^ o.2i mmole cr) of 
the , dark: brown Dii was^^^ TO with l.O' ml of a 0.«7 H 

CO. 87 mmol) dietiiylaluminum chloride (DEAC) solution in 
; jjonane/jvand: tbe^C^ stirred 
10 overnight under dry nitrogen, at ambient temperature 
^and priesjBwe'i^i^^ used as the 

: i catalyst; system.:^^^^^^U^ a countetrf low of ethylene; 1. 3 
ml (9. tog Cr; 0,18 rtmole Cr) of the catalyst system and 
4 i 0 . ml -of ■ npnane - ( reactor^ internal Btandard)-^^^w^ 
15 charged directly, to; a 2 liter reactor at ap'C., which 
. .. contained' 1.2 liters. -of cycloh^xane. . The reactor was 
-then pressurized with ethylene to 550 psig, and the 

reaction, was run fori 30 miimtes with ethylene being fed= 
. =i. r- -on.. demand.. 

20 The.results are summarized below in Table 

XXIV. ' ' 

gu ff ^003 

' .0.33sg: (Oi 68. mmol) of CrEHj (10.15 wt. % Or) 

was combined with 0.13 ml (1.87 mnole) of neat pyH in 

25 10 ml of toluene and stirred 5 min. l.a ml of a 1 H 
: (l;-9'mmol} DEAC solution -in hexanes was added and the 
crEKj/PyH/pE&c solution was stirred for 30 minutes under 
dry nitrogen^ at ambient temperature and pressure, 
which resulted in a light yellow/green solution. 5.1 

30,. ml of a 1.9 H (9.7 mmol) diethylaluminum chloride ; 
(DEAC) solution in toluene was added > and the 
CrEHj/PyH/DEAC/TEA solution was stirred for 0.5 hr, 
. V which res^uXted in a dark yellow/brown solution. : Excess 
toluene and hexane was removed from the dark 

35 yellow/brown CrEBj/PyH/DEAC/TEA solution via vacuum . 

stripping, with a dark yellow/brown oil remaining. The 
yellow/brown oil was dissolved and brought to a total 



'} volume of 25 ml In "cyclohexane^ and used as a catalyst 
, syst^ {i;32mg Cr/ffll);i i :Dna"dr^^^ -counterf low of . 
ethylerie/ "7/0naj^X9>2mg err Q 
' catalyst sy^teto sand 4 v^^^ 
5 - standard) were.^'charged- directly? to a 2 liter reactor at 
80*Ci, ;which contained li2^11tera^^o^ The 
reactor was then pressurized^ with ethylene to 550 psig 
arid- IAe ^reaction was run^^^^ to^ ethylene 
being fed^on demand. - 
10 y The^results are' suniftarized below in Table 

XXIV. 

- Run 2004 

The procedure described in Run 2002 wa ; 
followed,, except the erBHj/PyH/TEVD^ 
15 diluted -with cyclohoxane prior to charging to tho - .. 
' reactor, and dihydrogen gas (Hj) (50 psig) was added to 
. the reactor prior to pressurizing 'the reactor with 
ethylene. 

. ^ 0.30 g ( 0.62 amol). of CrEllj (10.15% Cr) was 

2<J conibined with 0.12 al (li 73 iMaoie) or^^ 

of toluehto. V 1.7 Jal of a 1 M (1.7 nfflol) DEAC solution 
in hexahes was added and tha CrBHj/PyH/DK^c' sp^^^ 
stirred for 5 minutes under dry nitrogen, at ainbient 
> temperature and pressure i 1.8 ml of a 1.9 a (3.42 

25 - mmol) TEA solution in toluene was added and the . 
erEiyByH/DMC/TEft solution was stirred for 30 minutes 
under dry nitrogen, at ambient temperature and 
pressuro. The resultants dark brown solution was 
' filtered and excess toluene and hexanes were removed 

30 viai vacuuc stripping, which resulted in 0.8 ml of a 
dark yellow/brown < oil and- was. used as a catalyst 
system. Under a: oounterf low of ethylene, o.4ml (15.2mg 
Cr,' 0.29 mmole Cr) of the catalyst system and *.0 ml of 
nonane lrea[ctor internal standard) were charged 

35 directly to the 2 liter reactor at 80' Ci, which 
contained 1.2< liters of cyclOhexane. 50 psig of 
dihydrogen (Hg) gas was charged to the reaotor, followed 
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by pressurizatiSn with ethylene to 55.Q psig. The 
reaction was run for-.^O ainutes with ethylene being fed 
■ ' on- 'demand. ■ i-. .■ 

/ - : The results are summarized below in Table 
5 ,_xxiv- < ^ J 

Run 2005 ■ <- v^- 

In a 500 ia Schlenk 
of crPy^ -(Xl. l wt. - % : cr) .was - combined with^ 40. ml of 
toluene and .54 lal of a 1.9 H (102.6 ni»ol) TEA solution 
10 in toluene. lEhe resulting darJc brown reaction »iitture 
was stitrted^if or- 1 hour under dry nitroge 
te]iip4rature^a:|^d preseure. Excess toluene was removed 
- •■- via vacuum staripping, which- resulted in 13 ml of , a dark 1^ 
yellow/birown Oil. and a small quantity of a light- 
15 colored precipitate. The/dark yellow/brown oil was 
separated;'eollerjV-fi*j by syringe from- the- p 
. and used as the catalyst' system. 2.0 ml of the 
V catalyst syslbem was ^iiutdd with 27 ml of cqrclohexane 
ahd ag^d' tti£ 3 days under dry nitrogen » at ambient 
20 temperature and pressure before using. 

Under a counterflow of ethylene, 8.0 ml 
' (9.3mg; O.IB mmole Cr) of the catalyst 

system/cyclohexane solution and 4;0 ml of nonane" 
(reactor internal standard) were charged directly to a 
25 2 liter autoclave reactorjit 80 'Ci, whlOh contained 1.2 
liters of oyclohexane. The reactor was then 
pressuriised with ethylene to 550 psig and the reaction 
was run for 30 minut^ts with ethylene being fed. on 
demand. 

30 mievresults are summarized below in Table 

30£1V, •■ •• ■- . . ' - 

Run 2006 

The procedure described in Run 2005 was 
followed except less reactants were used and less aging 
ttimer-waa used. 

in a 500 ml Schlenk flask 0.25 g (0.432 mmol) 
of CrPy, wt. % Cr) was. combined with. 10 al of. 



toluene and 3 . 4 ml? of a ^.'9^ H ^(6. 46 !inmol);|,TEA solution 
in tolusne. ■ The ■ resulting dark; brown reaction mixture 
: vss stirred fpr 30 .minutes under dry^^n^ at 
}.-. a^lbient^ temperature <and: pressure; 'Excess koluene was 
5 ; removed via vacuuffl stripping^' whieai resulted - in a dark 
brown oil- .All of ; the idark brown oil was 'diluted to a • 
total volume of 25 ml with -cyclohexanev resulting in a 
solution .containingoi. ll. ttgiCr/ml, which -was . ^used as, 
- the catalyst system* , ■ V:.,.-..- -:■ 

10 ■■ Under :a c6unteri!lov of\ ethylene, V 8.0 ml (8.88 

- mg; 0.171 maole Cr) of -^the^ catalyst system/cyclohexane 
solution and 4.0 ml. -:of :nonanev( reactor internal, 
standard) ..were .charged directly X.Qr a 2.; liter autoclave 
reactor at-80'C.,: which contained li2 liters . of- 
15 cyclohexane. The reactor;. was. then pressurized with 
ethylene to 550 psig and the react ion was run for 30 
minutes with ethylene being fed' on demand. 

results are ^ summarised below in Tedile v 
■• ■XXIV.." - \ - - . • ■; - - 

20 • • ■ -X. ■ Run 2007 /■ 

The procedure described In Hun 2005. was 
followed except excesB toluene was present In the 
trimerizat ion reactor. 

In a 500 ml Schlahk flask 1*98 g (3.4 mmol} 
25 of CrPyy (11.1 wt. % Cf) was combined with 40 ml of 
' toluene and! 54 lul of a: 1.9: H {102. 6 maol) tea solution 
in toluene.'- Th4 resulting dark brown reaction mixture 
was stirred for 1 hour under dry nitrogen, lat ambient 
temperaturie and pressure. Exciess toluene was removed 
30 via vacuum stripping ,,^which resulted in 13 jnl. of a dark 
yellow/brown oil and aLsmall quantity of aiilight- 
colored precipitate. The dark yellow/browjv oil was 
8e|;farated, collected r^by syringe from the pi:ecipitate, ; 
:<!and ujsed as the c&talyst system. 2.0 ml ol the 
35 cataiyst system was diluted with 27 ml of icyclohexane 
and aged, for 3 datrs under dry nitrogen, atji ambient 
temperature and pressure before using. J 
. > ^ I 

. • ii 



tlnfter a cduhl:^ ml (8.5 

splutidny 4v5 Jsl' bf : 1:oluene>' ^ ' 
(reactor inteiinal stiaindaird) weri^ charged directly ' to a 
2 liter autoclave reactdr "at BO'C. , -which, contained 1.2 
liters of cycldhexane ;: The .reac-tor was then . 
pre^ssurixed wit&;^iaiyiene to 550 psig and the ieaction 
w<b; rvih: for 30, aiinrteJ*^^^^ on \ 

V demand". ■ , ■ ■ ■ " 

.;.xxiy. ■ ■■■■■■ ^ ■'" 

^ ■ ■' ; . Run 2 008 , 

, 0.2& (0.^02 DBiQlj of CraoaP] was conbiHed 
wtlpi .Q.17 ml^ (2. A5 nia^ of neat pyrrole ;ih 10. ml of 
toiiaene 8U*a \ . 

temperature and 5 ainiitesv Theii, 6.3 ml 

ofi^si 1^9 H (12^.^^^^^ 

added. The, reaction mixture was 

stirred fbi 30 iai^^ dry nitrogen; at ambient 

teii^ratiare and ^pressure. . Excess toluene . Was removed 
^ia VJMaiim f trig^i^^ whicih^iresulted in a 4^ 
yelld^/breiWh. oil^ All of the dark yellqw/te oil was 
dilutedto a volume of 25 ml with cyclohexane, 
resulting in a solution cont a ihing 0. 0112g Cracac^i^sil, 
Which was used as the catalyst systein. 

Under a count erf low of etitiylene, 7.0 ml (1J5.2 
mgr ;P,i293 msble Cr) of the catalyst systeni/cyolbhexane 
solution and 4.0 al of npnane (reactor, internal 
standard) were cheirged directly liter autoclave 

reactor at SO'C. ^ which; contained 1.2 ..liters of 
cycloh^xahe. The reactor was then pressurized with 
ethylene to 550 psig and the reaction was run for 30 
iidnutes with ethylene being f^^ 

The results ,are susurarized below in Table 

■MCIV. . 

Run 2009 

. . The prbqedure described in: Riin 2008 was 



followed except Chromium (III) naphtA^nate was the 
chromium source. 
: , . % Cr) 

was combined with 0,. 12 ^ 1* 7.3 mmol) i of 
5 10 Ml of toluene, and.!;8tirred . under , dry..' nitrogen at- ■ 
aM>ient^^ tieinperature and -pressure ::£or S. n Then,- 
> c 4.6 ml of :;a: lv9 -!i (8V74 vffinol)-TEA SOl^^^ ,: 

was added i The; resulting dark brown reaction 
, was stirred for- 30 «minutes;:under dry nitrogen, at 
10 : : ambient temperatureMand pressure. . Excess toluene was 
. removed via - vacuum >stripplng> ■ which resulted in a dark - 
yellow/brown oil. All of the dark yellow/browi oil was 
"i dl'iuted to a total! yolune of 25 ml With cyclohexane^, 
/ resulting in a solution containing 1.056 stg Cr/ml, 
15: -r'tdiich was used as , the catalyst system. .. 

' . : Under. ?a .oounterfloW:^f'-. ethylene, 7,0 ml {7.39 
sig;;>0.142: mmoie c£') /;of-thQ catalyst, ayateq/cyclohexane: 
solution and' 4 ;0 ni di- non^^^ 

-standard) were charged. directly to a 2 liter autoclave 
20 reactor at:- SO^.C. ^ Which contained 1. 2. liters of 

cyclohexane. The reactor was then pressurized with 
- . ethylene to 550 psig and the reaction was run for 30 
. minute's with ethylene being fed on demand. 

The resuitfl are fU|innarized below..in Table- 

25-"v XXIVv ■.. 

. Hun 2010 ' 
The procedure described in Run 2008 was 
followed except ttte chronius (III) chloride was the 
chromium source. 

30 : 0.41 g (1.09 mmol) of CrCljTHF, was combined 

with 0.23 ml (3.32 mmol) of neat pyrrole in 10 ml of 
toluene and stir rM under dry nitrogen, at ambient 
temperature, and": pressure , for 5 minutes. Then 8.6 ml of 
a 1.9 H <16.3 rnaol) TEA solution in toluene was added. 

35 The resulting dark brown reaction mixture was stirred 
for 30 minutes under dry nitrogen, at ambient 
temperature and pressure. Sxcess toluene was removed 



via vawum stripping, whi^^ 
' yellow/brown 'oil. 7. 5 ml of nonane/was addad-to the 
dark yel;lew/broWn oil and" the resultant solution was 
diluted to a total volume of. 25 ml with cyclohexane, 
S resulting in^a solution Containing 0.0164 g . 
"^crcljTHFj/al. The solution Was filtered and the 
.• filtrate was :used>as: thW ca^ 

Under ji counterflow of ethylene, 5.0 ml 
(11.38 mg; 0.219 mmole Cr}\of the catalyst 
10 sy^tea/cyclohexane/nonane- e^lution and 2 .5 nl of nonane 
- f rfreaotor internal standard), .ve^e charged- directly to a 
-2 liter autoclave reactor at 80 'C, which containefi 1.2 
.. . liters of cyclohexane. v T^ 

pressurized with ethylene to ,S5p psig and the reaction 
15 was run for 30 ninutes with ethylene being fed^ on 
demand. 

The results are sunnarized below Jji^Table- ' 
XXIV. ^ 
Rtyi 2011 

2P . ; 0^ ^2005 was 

f oHo>eed eKcept exceaW hexene was charged to the s,. 
triaerization reactor. 

in a 500 al Schlenk flask, 1.98 g (3.4 mmol) 
of CrPy, (11.1 wt. % Cr) was combined with 40 ml of 

25 toluene andyl^4 ml of a 1.9 H (102.6 mmol) TBA solution 
in toluene li- The resulting: dark brown reaction nl:i±ure 
was stirred for 1 hour under dry nitrogen, at ambient 
teBperatura euid pressure. . Excess toluene was removed: . 
via vacuum stripping, which resulted in 13 ml of a dark 

30 - yellow/brown oil and a': small 'quantity of a light- 
. colored precipitates The -dark yellow/brown oil was 
separated^ pollected by syringe from the precipitate, 
and used as the catalyst system. .2.0 ml of the 
catalyst system was diluted with 27 ml of cyclohexane 

35 and aged for 3 days under dry nitrogen, at ambient, 
temperature and presBura before using. 

Under a counterflow of ethylene, 1.0 ml (16.9 
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mg; 0.325 amble: Gr) Of -the catalyst system^ 
solutlon,-^55 ml of 1-hexene/ and : 4 . 
" (reactor internai; standard) were^.c^ to a ,. 

• 2 liter autoclave reactor. at 80 'C., which contained 1.2 
5. Titers b'f ^cycl^^^ 

pressurized with ethylene to 5S0 psig and the reaction 
■■ was r^ff for 3 G minutes With eth^^ 
demand. , 

'^Idierresuita are summarized below in Table 
10 XXIV. " . ■ . ' ^ 

' ' ' - * Run 2012 

■ ' ;■ ■ ■ in Run 2005. was 

■fbllttwed except ;ichrofiium - (II) pyrrolide (Compoimd I).. • 
was the chromium .source; . T' 

15 0.30 g (about 0.85 mmol) of Compound I 

C CrPy^ jTHF^) - was combined with . 1 0 ml : of - toluene and 6.7 
ml of a>l; 9 JJ (12.7 mmol). TEA solution in toluene. The . 
rdsultihg dark btown xeaction mlJEture was stirred for 
' 30 minutes under dry nitrogen j at ambient .temperature 
20 and pressure. Excess toluene was removed via vacuum 
strippihg; which resulted in a dark yellow/broTO 
and a sinall quantity of a light-colored preclpita^iei: 
The dark yellow/brown oil TOstlltere 
was diluted to a total , volume of 35 »l-^ w^ 
25 cyclohexane, resulting, in a solution containing 0 . 012 g 
compound r ccrPyiijTHE^) , which was used as the catalyst 
, . .systeat... .•■ 

Uiidir a oounterflow of ethylene, 7.0 ml of 
the oatalyst systeiv'cyoldhexane solution and 4.0 ml of 

30 nonane (reactor. Internal standard) were charged 

direictly to a 2 liter aiitoclave reactor at SO'C, which 
contained 1,2 liters of oyclohexane. The reactor was 
then pressurized with ethylene to 550 psig and the 
reaction was run. for 3 o minutes with ethylene being fed 

35 on demand. 

The results are sujamariaed below in Table 

■; XXIV. ■ 
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Run 3 op I 

~ '1 . - 0 . 2 Ig ,(0 . 601, jamol) of cracacj was combined 
with 0. 12 ml (1.73 Binol) of: neat pyrrola and 15 ml of 
5; toluene.v> The^- resulting: aol^^ dry 
.:. nitrogen; -at .ambient temperature and.- pressure for 5 
: minutes : Then r^^^ 
solution in-' toluene .was added; The resulting dark 
brown reaction- mixture .was stirred for 5 minutes under 

10 dry nitrogen; at ^anteient'-teinperature a 

Then j , 2 . q .g of : an aluniiiophosphate support (0 ;4 P/Al 
mplar ratlo, activated at 700 ^C.)/ prB^^ 
accordance with U,S.^4>364V855 (19621; herein 
incorporated by: reference, was added and the resulting 

15 slurry stirred for a period ; of ,, approximately ,12 hours. 
The product was, collected by filtration! rinsed at ; 
least twice with 10 ml? allquots of toluene and pentahe, 
until no color was observed in the filttats and vacuum 
driedi The dried product was used as solid supported 

20 catalyst system. . 

A 2.1022 g aliquot of tSe solid catalyst 
system was added under a counterflow of ethylene to a 2 
liter autoclave. containing 1 liter of isobutane. Prior 
to th« catalyst charge, 0.25 ml of a 16.5 wt% TEA 

25 solution In nonaiie was added to the reactor, in order 

" to neutralize any ethylene feedstock poisons that might 
be present. The reactor was sealed and ethylene 
addition' was stopped until the reactor ■ temperature 
reached the desired run temperature, for example 90 'C. 

30 The ethylene pressure was then increased to a total 
. reactor pressure of 550 pslg. Ethylene was fed on 
demand for a 30 minute run time. At the end of the 
run, a sample of the liquid reaction product mixture 
was collected and analyzed via gas chromatography. 

3S The remaining reaction aixture was evaporated and the 
amount of solid product was determined. 



Ran 3002 

The procedure described in Run 3001 was 
V followed except diethylaluminujn chloride was added tio 
. the CracaCj/^I^H solution along" with the . TEA pri^^ to the 
.5, aluminophaaphate inorganic^ oxide addition.: 

0.21 9 Cracacj'^ (0. 60 sunol) wae weighed into a 
30 ml screw-capped vial, p.i2 d1 of pyH (1.73 miaol) 
and 15 ml of^^^toluane Hwere-addedy ; and the reeulting. . 
solution twas :caiiped . '^and. stirred for 3 . ninutes. .. .Then, 
Ip with continued stirring, e ml of a 1.9 a (H--* mol) 
ICA . ,BOlution ijv toluene \waa. a^ 

Cracac^l^H/TE&(solution was stirred^ for 5 minutes, 2.4. 
. nl of .a 1 M; (2i4iHaiol)::^^^ solution in hexanes was 

, \; added anil; the Cracao^PyH/XEA/DGAC/toluene solution was 

15: Stirred for 5 minutes; 2.0'^g of an aluninophospbate 
support ' (0 .4 P/Al .nolar ratio, activated at 7 oo • c . ) , 
prepared in accordance with u^s. 4,364,855 (1982), : 
herein incorporated by reference, was added and the 
resulting' slurry stirred for a period of approximately 

20 12 hours. -V The product w«is collected by filtration and- 
rinsed vwith at least two 10 al aliquots of, toluene and 
pentane, until no cclor; was observed^iw the filtrate, 
and: vacuum dried. The dried product was used as a 
solid, supported catalyst system. 

25 A 0.5C4S g. aliquot of the solid catalyst 

syst^ was added under a oounterflow of ethylene to a 2 
li1;er autoclave containing 1 liter of isobutane'. Prior 
to the oatalyst charge, 3.0 ml of a 1.6 wt% TEA 
solution in nonane was added in order to neutralise any 

30 ethylene feedstock: poisons that aight be present. The 
reactor was sealed and ethylene addition stopped until 
< the reactor temperature reached the desired run 
temperature, for example 90* c. The ethylene pressure 
\ was increased to a:total reactor pressure of 550 psig. 

35 Ethylene was then fed on demand for a 30 minutes run 
time. At the end of the run, a small san^le of the 
liquid reaction product mixture was collected and 



analyzed via gas chromatography. The remaining 
. reaction mixture: was evaporated and the amount of solid 
:prpduct,;dete.tiBlnad:. ■ E 
detenained:bys,;a calibrated flow meter. 
^ ^ The rresulta are soaunarized below in Table 

XXV. ' ' 



. - : The. procedure vdeecribed in Run 3002 was 
/ follpwed vexcept CrEHj was the: c and no 

aromatic solvent -was used during catalyst system 
preparation;,..-Alsov a supported catalyst system was - 
prepared In-situ in the reactor. 

-A prEH^/PyH. solution was prepared by nixing 
0.33 g {0.69 nmolej .CrEHj' with 0.26 ml (3.75 mmole) PyH 
in 16 na of :pentane and aging for 4 days under dry 
nitrogen, , at . ambient temperature and pressure, prior to 
usage. 0.49 g of an -aiumlnophosphate support (0.9 P/Al 
molar ratio, activated at 700 'C) , prepared In 
accordance with U.S. 4,364,835 (1982), herein 
Incorporated by reference, and 2.0 ml of a 1 H (2.0 
mmol) TSA solution in hexanes were charged under a 
POunterflow of ethylene to a 2 liter autoclave reactor 
at ambient temperature. Then, 1 liter of cyclohexane, 
2.1ml: (4.32mg; 0.083 mmole Cr) of the.CrEHj/pyH 
solution, and 5P pslg dihydrogen gas (Hj) were Charged 
. to the..reaetor4 '' .- : 

rme results' are summarized below in Table 
XXV. , ■■ ■■ 
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•: \-- ExaffiDle .IV 
Run 4001 ^ 

3 i S g (10 .ramol) /fcracae3 was weighed into a 100 
ml pressure tube. A stir; bar^was placed In the tube 
an^ the- tube was -capped ; with' a. sel£ sealing crown cap. 
40 inl toluene ana 2 i'l m^ (30 tmol) PyH were added via 
syringe. 12 lal of a 2.5^I| (30.0 nmol) n-butyl lithium 
solution in hexanes was slowly added.; A precipitate 
was, formed):: col looted, and washed with one 10 ml ' 
aliquot of toluene -and two 10 ml allquots of . 
; 'cyclohexane; until no color was -obsarved in the wash 
r solution ^ A total of 5.59 9 solid was obtained. 0.5 
: ml of a lil II -(GiSS mo In heptane and a 

slurry of 38 mg of the ' aoIid/,and -cycloh«Eaite were used . 
in a reaction under the conditions described in 
Run 1001. ■• -• ' 

The results are suinaarized below in Table 

The procedure described in Run 4001 was 
followed except the solid catalyst component (88 mg 
collected) was prepared in a 2S ml pressure tube using 
0.349 g (1 uiaol) .Cracac^, 5 b1 toluene, 0.14 ml (2 nmol) 
PyKj and 0.8:!»1 of a 2.5 M (2.0 mmol) n-butyl lithium 
■solution in hexane. 

0.5 Ml of a 1.1 H (0.55 mmol) TEA solution in. 
heptanes and a cyoloh^xane slurry containing 16 mg of 
the:, solid were used in a reaction under the conditions 
described in Run. 1001* 

The xjBBults are. summarized below in Table 

■ XXVI, ■ - 

Ran 4003 

1.0 g of aluminophosphate support (0.4 P/Al 
molar ratio, activated VOO'C), prsiared in accordance 
with U.S> 4,364,855 (1982) , herein incorporated by 
reference, and an 93 mgv aliquot of. the solid described 
in Run 4001, were weighed into a 25 nl pressure tube. 
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The tulid was capped. : 5 ml toluene 'a^ 3 ml of a 1.9 U 
(S..7 lamol} TEA. solution In toluene were added to the 
tube via syringe. The resulting slurcy /.was agitated 
- for one day. The: solid was isolated anid washed with 10 
/ 5 . jBl allguots of toluene. and. cycldhexane until.no color 
: was observed . in .the wash solution. : V 

\ 0.5 lol of a/liil a (0.55 mmbl) TEA solution in 
' heptanes and a :cyclohexane slurry containing 80 mg of 
^■y the solid were- used Tin a reaction- under the conditions 
10 ' described in Run 1001. 
.V ' The results : are- sunmarized below in Table, 

xm. ' ' 

Run 4004 

. - .0.7s.g of aluiainophosphate support (0.4 P/Al 

15 : molar ratio, activated.>at 700^C) , prepared in 
accordance with U.S. 4,364,855 (1982), herein 
. 4ncorporated by reference, and an aliquot (53 ag) of 
the solid described in Ibm . 40.02 were weighed into a 25 
ml pressure tube. The tube was capped. 3;5 nl toluene 
20 ahd;2 Bl/of a 1.9 H (3.8^1^^ in toluene 

were added to -the tube via syringe. The resulting 
x slurry was . agitated for one -day. The solid was 
isolated and washed with 10 al aliquots of toluene and 
. cydohexane until no color was observed in the wash 
-.25 -\solutiony - 

■O.S-»l off a 1.1 H (0.55 nmol) TEA solution in 
heptane and a cyclohexans slurry containing 78 ag of 
the solid ware used in a reaction under the conditions 
as described in Run 1001. 
. 30 V The results are. sunnarised. below in Table 

XXVI. ■ 



■ . ExaTBDle-:V . ■ . .■ 

■■ ' Run 5001 • 

0.17 gichromlua (III) ^>3,6,€■^tetr^uaethyl- 
3 ^S'-rheptanedionatfii (c'rfllljOMHD) (0.28 Banol) =iWis : 
, weighed, dnto a v;2 5 miv pressure tube. The tube^ Was 
capped Lwlth .a :,sslf ,sealing:.;:crown -eapi^^ O.oetnl of ■ 
pyrrole (0.89 Mn6l)ciand .0;17^^ n (0.87 mmol) 

: <Siispbutylaluin'lnimjrchW^ ^(biBAlci) weire added via 
s syringe v^i^p^f^ iSCt^liyTSBB/lils&lCl/^: solution ; 
which was diluted tora^^^^^ b ml with 

, cqrcaohBxane. . 0;a5 al of^:^^ TEA ' 

solution -in heptane 'and: 0V75^jn 

Cr.(l!ri) TMb^DiBKLCl/^ were added to a glass 

*9ttl«'Contai]ang 100:ml of oyclohexane and 10 g of 
butadiene .^ : T^^^^ placed in a controlled 

temperature- bath at 70 re," at auibient pressure, and 
agitated, for a period of 16 hours. After 16 h6uts,c a 
small fiample of the llquld reaction product aixture was 
cpllected and analyzed' via gas chromatography. The 
remaining riguid ; reaction ..product mixtiure was 
evaporated imd: the amount of solid product was ' 
.determined^ , : 

Thevresults are suiu&arlsed below in Tab^ 
'xxvH. ,- . --^ ■ 

; Run 5002 

The procedure: described in Hun 5001 was 
followed except no excess alkyl aluminum compound was 
present in the' reactor and the catalyst was derived 
using the procedure described in Run 3001, as follows. 

0.21 g (OiSOl maol) of Cracac, was coiflibined 
with 0.13 ml (1.73 maoi) of neat pyrrole and 13 ml of 
toluene. The resulting' solution was stirred under dry 
nitrogen, at ambient ten]^erature and pressure for 5 
minutes,. Then, 6.0 nl of & 1.9 K (11.4 mmol) TEA 
solution in toluen^ft was added. The resulting dark 
brown reaction mixture was stirred for 5 minutes under 
dry nitrogen, at ambient temperature and pressure. 
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Then, 2 . 0 g . of an aluainophosphate, supporit (0 .4 P/Al 
.molar^jratiov activated iat' TOO? Ci^^^reparod in . 
aocdrdance wltb U.S. 4,364,855 (X982) , h>3.rein 
incorporated by reference, was added and| the rresulting 
5 slurry stirred for period approximately, 12 hours . 
The product : was - collected by : f iltration;|i^^^^^ at 
least twice with 10 ndiiv^liquots . of tolu|m pentane, 
. .. until no 'color was pbaerved^ in the; f ilt?^^ and vacuum : 
dried. V The <?xied product was^^..^^^ - 
10 supported catalyst aystoBiv v . ' 
■r • ' A 0:28 g^;,cataiyst - charge was used in the 

. . :-butadiene.^reactions-v^- .-vv/y.---','- //. 
^The.:results are summarized below in Table 

^ mil. 

15 ^ Tabift -mci 

Biffl % Butadiene 

qonyersion - Distribution of : Products. Weight % 
to Products 1 : B^cvelooetadiene Other Liquids vSol id 

aOJ 5001 97 . v. . / . 91.9 0^3 .7.8 

:-;'^; .- 5002 :.'- ■ .6|;r .-., . , ■: . i^OiB 2.5 Z6.7 

-> . . Bxamole VI 
. ■ In the following Runs, all catalyst systems 

25 were prepared in a' glove box, under dry nitrogen at 
^ ambient ten^erature and pressure. Transition metal 
ooBrpounds- were weighed and combined with three (3) 
-equivalents; (0.062) ml, pyrrole; 2- al oyolohexane, as 
a solvent; and. 6 ml of a 1.1 H solution of 
30 trlethylaluoinum (TEA) in- heptane. The resulting 

product was shaken for times ranging from 5 minutes, to 
16 hours. 

All runs were carried out in a 1 liter 
autoclave reactor containing 300 ml cyclohexane. l.o 
35 ml of the liquid catalyst systems were diluted in 
cyclohexane and were added to the reactor under a 
eounterf low of ethylene (CP grade) . The reactor was / 



I 
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sealed.^and ethylene addition stopped until the reactor 
temperature ^reached ^ a ::reabt ion - tenperature of 80 * c. 
The ethylene preasute was Increaaed to a total reactor 
pressure, of 550 psig; ^'^Sthylehe. Was fed on demand for a 
30 minute :run time. : >lf .nece8^aryv heat^^ v to 
maintain a reactor- tenpWature; of . 80'C.^:->. :: 

At the end of each run, a sample of the ^ 
liquid reaction product^aixture' was taken and analyzed^ 
via capillary gas cbromatographyV on ia HP*-58 80 gas vr 
chromatograph equipped with an FID detector and. a 60 
inoter-^DB^l' coliinui/ wlto^^^^^ 

Xhevgas-.chronatograph was ramped froia 40*c. to 275'C. 
at a rate of 10*Cj/min, with a 20 =aiinute hold time. 
Cyolohexane was: used; as- an internal. standard. The 
remaining reaction preductiiaixtute was evaporated and 
the amount of solid product produced vas detemtlned. : 
The^i^esults are given in Table. XXVZII^ 
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The data in'Tatle XXVIII show that other 
metal, compounds pan .trlM 
Pplyinerise: l^plef ins f r-^;Of J thesav ffl^ 
Hl(acac)2, Run 6001, ^showed tlw bgst activity and 
sel ect ivity toward '^t r inerizat ion 7 

- ^ ^Example vii ^ 
in^the following Example, Runs 7001-7005 ^ 
demonstrate^ the' effect of ,Jhydrolyzing the metal alJqrl 
pirior ;to .use^fandfthe teffeab '.of^vt^^ and absence 

of a pyrrol6-containing''c6npo,und. Runs 7006-7009^ 
coBipared to Runs* 701Q.-7013 demenstrajte^-the effect of ' 
preparation of a catalyst system ln?^n unsaturated 



hydrocarbon. 



rin. Runs 7001-sTOO^, the Bolar ratio of 



I 7Q01-70QS - 

= \: eleaental; chromium ^tp-'a^ aluainuni to ligand 

'(qr:Al sTt)> the ..c^ the reactor 

■ : are.:!: 30;i0v ^^In iRuns 700l-!7003^ the chromium compound 
was ;;.Gr{EHj;|'''and 'the chroaium /conpound in Runs 7004 and 
: 7-d05 wa^ 

tri:jrsobutylaluminuia (Al < i^Bu) ,) aind was treated in the 
; j^following manners ^^^^^ T^^^ ten percent, by 

weight, solution of ' trilsobutylaluninua in heptane . was 
added l;;O aolei^guivalent of distilled water, steadily, 
but in one -batch, while cooling the flask containing 
the : solution with, ice water to maintain a temperature 
of .about 10 to about 20* C, The solution was stirred 
vigorouiBly during and after water addition and 
: .continued until no further gas evolution was observed. 
The ligand was dimethoi^ethaneCDHB}. 

Runs . 7001-7005 vere oanried out in a 2 liter ^ 
autoclave reactor. The ohremiun compound was dissolved 
in 400-900 ml anhydrous n-heptane and added to the 
reactor, under a dry nitrogen purge. Then the 
appropriate volume of a stirrad, treated 0.31 y 
solution e£ i-AlCBu), in heptane, as described above, 
was added.: Then« the appropriate volume of DHE was 
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added, . along with 5 ml of npnane ^ ( rector internal 
standard) . The reactor ..was sealed and brought to a 
temperature of BOrCv. in^'Run 7001 and 957*c. ^ Runs 
7002-7005 and a pres'sure of 550 psig wi^th ethylene. 
. Ethylene was fed on dewand for a run tto^^ 25 minutes 
In Run 7001,' 30 minutes in Run 7002 e^45 minutes in 
Runs 7003-7005. 

< ^ ^ 1^ of the 

liquid reaction product alxture was taken and analyzed 
y^:^ ^sapi l.lary gas: chronatography> on a HP-58 00 gas 
chrom^itograRh-; equipped with an FID defector and a 60 
m,<pter DBtI vColram> with and a 0.25^ film.. 

The gas chrom^tograjpli was- ranped- from 4d*C. to 275'C. 
at a rate of 10 'C. /Bin', with a 20 ainute hold time. 
The remaining reaction product niixture was evaporated 
and. 'the amount of- solid product produced was 
determined. ■.-■v. 

catalyst -ayBtenB used in Runs 7006-^ 
Vere;prepai:ed according:^© the follow^ 
Catalyst systems; Runs, 7006^.7009 were prepared in the 
presence of toluene, an :unsaturated aronatic 
J^ydrpcarbon* Catalyst systems in Runs 7010-7013 were 
prepared in the presence of i-hexene , an unsaturated 
aliphatic hydrbcatbon. 

Run 7006 

.3.72 g of tHa(DME):,l ;[GrCI(Py)>DHE] was 
coBblned with 50 ml toluene. Slowly, 26.4 ml of neat 
,(93%) TE.* was added and stirred for 30 minutes. The 
slurry turned dark brown. Excess solvent was removed 
by vacuum, resulting in a dark yellowish/brown oil and 
solid. About 70 ml cyolohexane was added. The 
.resultant product was filtered and the filtrate was 
diluted to 200 ml with cyclohexane and 8.0 ml were 
charged to the reactor. The product contained 1.67 mg 
cr/nl . 

Run 7QQ7 

. 0.35 g Of ohromiumdil) ethylhexanbat« (CrEfl^) 



vae cosSbined with about IS^nl of toluene, fomlng a 
deep green solution. .?0v22'' Ml of 2,5r-dlmethylpyrrble . 
.(2,.5-OHP]. and 0.20 -iia-ibe -lT^ 

Slowly, 5,7 inl of laS H'TEA^ was 
5 added and stirred for !30 minutes' to give a greenish, 
brom .solution 'and : a^80lldv : Excess solvent was removed 
^. by vacuum and; tta liquid- w^^^ ml 
.■oyclohexanev^^ T^^ filtered and ■ 

the fiatrate waB diluted ito' 25. ml :* to 
.10 - foris .a golden colored solution >^rOf .w la wore- 

:^ charge^a tothevrtoactor. ; TO^ contained 0,014 g 

CrEIi^l. r ' ' ' 

Run 7008 

The procedure desoribad in Run 7007,: was^^ 
15 Cpllowedr except Oi22g crEH, and; 0;13 nl. of 2i5'-l)HP- were 
; used; Furthermore; ;OnO i^^^ \ 
for the.l-bromobutane. 3.4 ml of 1;'9 H TOa aolution in 
toluene was added to give a brOwn to brown/yellow 
. . solution and a. precipitate. The final product after 
2Q ^ flltration^ a^^ with oyclohexane,. was 

. a bright gold-yellow: color and contained 0.0088g . 
. CrEKj/ml. 3,0 ml were ciharged to the reaotor. ' 

Run 7009 

2.070 g of CrPyjCl was added to 70 ml toluene 
25 and 62 ml of 1,9 I! TEA solution in toluene/ mixed and 
filtered. The filtrate volume was reduced to about 20 
ml by a dynamic vacuum. The viscous brown solution was 
filtered. again. Thenv about 30 ml of pentane was added 
to the filtratev After a^iout one day, the solution was 
30 vacuum stripped of excess .'solvent. Then 38.1 g of 

alumlno-phosphate(P/Al molar ratio of 0.9, activation 
at:700'C.), prepared in accordance with U.S. 4,364,855 
were added. The slurry was stirred about 30 hours/ 
The solid was collected by filtration and washed 
?5 separately with toluene, cyclohexane and pentane. 

0.4388 g of the solid catalyst system were charged to 
■ the reactor. . ■ 



. Run 7010 ■ ' . f 

. coiitoiniia . wit^ s^^out ,15 .jO^l-^^eiva^ Slowlyj^ . 7 5 »i of ' / ' f 
neat . (93%) TE&%vas.-aided J a brown i^lutibn and / 

a^stickyrlooking.precipi^ta^i'^-^^^ ,/ 



., reB'idUewaB-eirtiractjBd^ ^/ 
filtered and ithe/fiittai^e^^*as dilu^ 
cyclphexaneC ;~.8.e inl ;^'(0VpiS7' g)^ ware/charged to. th^' 
■.,10 .': reactor.; - '■/"' ^ . -' '' / -'^ 

" v- V"; /:: . ■■ ■■■■ y '--. farii'7Qll />>^ ■ \ - 

The p^cediire described in Run 7010 was 
'followed, except the final catalyst system, in 

cyciohexaneV .ag fbi: about 24^ Pi^ior to use. » 

is ^.b fflr ,(q>067^ the reaistor. 

• ^lasajlzaia.- ; " / 

/0. 26 '9 of CrSHj was dissolved in ab|>ut 15 nl 
1-hexiane. 0.15 al of :2;5s-DHP and 0.13 ml of 1--: 
broBObu^ane were addejd^; slowly, l^O'til of neat (93%) 
20. TEA wa^ added : an^^^ 

sblvi^iit was riraoytad by; 'yapuU^ the liquid was .. '\ 
.extr«!ijcted;!^in^ The result<ant 

product was filtered and the filtrate was diluted to 25 
, mi/wit* cyolphexane^^^^^ charged to the 

2,5: :.;iactor,'. ; j-. -- ': [.•>: ■/ .' vy' •' ' ' .". 

)■ '■: ':-.--y' . - I^ffl^ 7013 ■. 

V 0.21 g [MaCDHE)^] [CrCKPyVjDMEl was coiibined 

of neat. 

7 ' - (94%) WB^^^ and 
-30 jE>r6ci)pitete/ a^^ 

; isoIutiMi was demritell of if 'and .addad to 1 . 5 g of 
^ : alunihophosphate^ (P^^ actiyation - 

at 700* C.)> prepared in accordance with U.S. «i3«4,855V- 
-/were' added.- ■■ 

35 Tha supported catalyst systan was eollectad 

by filtration; washed with l-hexene and dried uiider a 
V iiiteogan p«rg«. b*63?8 g-of the solid catalyst ^syatwt . 
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were. Charged to the reactor. 
. Rans 7006-7013 ware^carrled out in al.a 

liter . autoclave reactor >- containing: :Cyclohexane. The 
heterogeneous, dried, supported catalyst systems (Runs 
.5 .7009 and 7013) were slurried in cyclohexane to 
; facilitate addition to the; polymerization reactor, and 

were ^added to v:thtt .polynerlaation reactor under a ' 
; ^ cpmterfl^w. of 'ethylene'i (CP grade) . Th^' homo^^ 

liquid, u^ipported catalyst systems (Runs 7006-7008 
10 , and;70l0--70l2) .were diluted In cylcohexane and were 
added to the polymerization reactor under a counter- 
flow, of: ethylene (CP. grade) . The reactor was sealed 
. and ethylene addlt ion Stopped until the reactor 
temperature reached a reaction temperature of 80* c. 
15 The ethylene pressure was increased to a total reactor 
pressure of 'SSO psig; : Ethylene was then fed on demand 
for a; 30 minute, run tiue^ At the end of the run, a 
sample of the liquid reaction product mixture was taken 
and analysed via capillary gas chromatography, on a hp- 
20 > 5880. gas chromatdgraph.equipped with an FID detector. 
: The column was a 60 meter DBrl column with a 0.25 mm ID 
and a 6;25M'filmv: She gas dhromatograph was ramped 
from 40*£^ to 275'>c. at a rate of I0*c./min, with a 20 
minute hold tine. The remaining reaction product 
25 mi!icture was evaporated and the amount of solid product 
^ produced was determined. 

The results of .the reactions are in Table 
'. XXZX,^. below. ' ' 
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The data in Table XXIX shows that the 
. presence, of water ^(Runs! 7p01-i700S) is detrimental to 
. : the:.~forBtatlon of liquids;'' such- es for example., 1-" 

hexene,; In fact/: water- dn the reactor results in high 
^^ -.solids'-foriaationv/' '.--. . ■ 

Run3' 7006-7013 show that catalyst systens 
prepared tin .the presence of .any unsaturated hydrocarbon 
are-effective toward .trinerlza^^ 

conpariaon of Runs 7006-7009, prepared in toluene/ with 
Ri^s 7010-701^, prepared in l-hexehe; 'show that an 
unsaturated aromatic hydrocarbon is -the preferred 
catalyst^.aystea: preparation medium. 

Examnle VIIT 

.: , , ':'^ ; The 

demonstrateB the effect of varying the pyrrole 
;Conpoundv halogen, and metal additive iwed, 

. Catalyst systens jused in Runs 8001-8017 were 
all'; prepared in the same general procedure, in a 
typical preparation, chronium(III) a-ethylhexanoate was 
dissolved in toluene. . Next, 3 equivalents of 2,5- 
, dlmethylpyrrole^ (or hydrogen pyrrolide for Runs 8014- 
f MOll) was added to the solution. The desired amount of 
halide additive (2 to 3 siolar equlvalients) was then 
added, followed by 15 molar equivalent a Of 
trlethylaluainua (TEA) . The reabtibn mixture was 
S*l^r«d for 5-10 ainutes and toluene was removed under 
. vao^. The liquid, residue was diluted to a total 
' vplume of 10 ml with oydoiiexane and an aliquot was 
charged to the reactor as the catalyst system. 

The triserlsatlon reaction runs were carried 
out In a 2-llter autoclave polymerization reactor 
containing 1.2 liters of 854 cyclohexana as the reaotor 
diluent, catalyst system was charged to the reactor 
followed by addition of cyclohexane. The reactor 
temperature was brought to ao'C, at which point 
. ethylene was Introduced. The pressure was maintained 
at 650. psig with ethylene fed on demand. Each reaction 



was run for 30 minutes before shutting off ethylene/ 
Saaples were taken at the end of the rvin and analyzefl 
^ by gas cshromatography, as described in other exaaplea. 
, The results of the Runs and' knalyses are 
given in Table XXX, 
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- The data in Table^ 30a show -that i:he r' f . 
..gift]^^ctiyi±y ^tbw^ the order 

l<ci<Br;t: ^^he biSamin^riJ^ consistently 
■ have the highest i selectivity for the. formation of -1- 
hexfene cbnparafl^t^^ 

additive , The irid'reased production ..of 1-hexene/ al so 
meaii[8.thatvles3= byproducts {c^=; Cg=, and C,o=) ft6 being 
focned.'! The of l-KeJi^ne^to internal' hex^nes. aisb ' 

' tends' to' lncrease|in -the order 'KCKBr. - Thus,|the use 
of hiSitdM^^ 

cleaner .triBier p,|(^uet as well. Tiie activity |of the 
^catalyat"a3^iBtem'jfe^ • 
^ Howler, 'Uie acclivity between, Br and Cl anaiygues 



appear -to; be' unjiredicrta^le. -For. some: addltiyes (SnX^, 
i= and Al}{3&:^ tJ-Ze Br la more aoti^^ .. / 

•The^iata in Table XMC also show that the 
i " trend in 'seijalitiyilti^ to l-hexene and activi'ty can be 
extended to cato as 

'■ at>!om m^ '■' ' : r. 

20 -^^^^^^^^^ and 

; ^Iftcttvit^ Is'bbtaiiw^ iieing^jGeCl^ or siici^ as this . 
■ ; halide additiVw. 

; selectivity towaida^ l-*ejtBne|ii aleo affected by the 
raltip pf lOili^JiB'^^aditi^^ to'^iethylaluaiiviim, laaklng it 
291 {iossible to obtain High selectivity ircd other halide C 
>.aaditive8.-. ■ ,■ ; 

/. . in the fioliowii^r Ejfaaplei &0^0l-9^04 
. \ ' ...'demonstrate ' 

h/droc^rbbh can be d|itrineiit:al trlaerizatlon and/or 
^iigbnerizatibri. Thi's/ «*en a .tiatii 
Vj^repared ih the presence of ai^ aroaintic hydrocarbon, 
such as, for example , toluenev removal of excess 
arofflatic hydrocarbon is preferred. The resulting ^ 
liquid . is then extracjked or disso^.ved intc- a desired 
solvent, such as, for example cyclohexane or heptane. 
While not wishing to be b^und by theory, it is believed 
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i that 9h aromatic hydrbcarbbnc a nonpner 

to be trimerized ahd/or dliganerized, such as; for 
\5 example, ethylene, for ah. ractive site of ths catalyst 
systen.^ T^ijs, it is believ*d .tha^ this competition can 
inhibit cat'alyst systoB activity. 

Mas prepared usin^ 1.35 g of chromiumflll) 2-' 
ethylhexan^ja^^dissol^^ ML 
" {3.2 fflolar equivalents) o€ 2 , S-dinethylpyrroie was 
added to the solutions -T^i'^n;. 0 ; 9.0 mL (3,. 2 .molar 
^^^^P^i^'^ f^^^ added, follewed by 

;.Tl^-iiixtur^-^ Wiais^:s^^ niimtes ^ and tbiuene ' ^ 

was reBKwed i^ler^ 

.dii3s6lved ,,into 3b"ni and then 

. di3^t*d: to a Jtwt of 5o laL with _ additional , 

cyclohexane . Tbiir (4 ) nL, of thia^ solution was charged 
aLioncr with the de^red «m anhydrous, degassed 

toliiein^ (0, 5,. 10 6?r 16 jnIO to ^he reactor. 

! The trimeriza^^ wecre carried^ 

but in a 2-liter afutpclaive polymbrizatloh reactor 
containing 1.2 liters of 85% cyclphexBUle as the reactor 
diluent, catalyst system was charged to the reactor 
followed by addition of cyciohexari^ The reactor 
temperature was brough^fe to^^ 

ethylene was introduced. The pressure wais isa^ntained 
at 55> psig with ethylene fed on deinandV Each reaction 
was run for 30 juinutes befbre sliyitlng off ethylene. 
The to€al aiaoimt W etliylehe coMU^ fed, was 

measured... ■ '" -"^ . 

The results of ^^^^ 
Table XXX.T. 



Effect of Aromatic Hvdrnn;irhfMia 
on Catal VBfc . sy^fr^in ft'-ttv^^-V 

Ethylene 

. Toluene Consumed: 

: Added^ . After 30 mine*''*. 



9001 0 0.00 184 

9002 5 0,42 160 

9003 10 ■ - "0.83: 127 
?004^ \ 15 w. £. ; 1.25 . . "■ 109 



*^ Baaed on total value Of .M^ 
"'iKot adjusted for solubility of ethylene in 
cyclohexane, 

Ifte. data in Table the presence 

of, an aromatic hydrocarbdn/- I.e. > toluene, can result 
in a significant .decrease in the activity of the 
catalyst system, as measured^, by ethylene oonsiMBjitidh. 
ajhis decrease is proportional to the amount of aromatic 
hydrocarbon added to the reactor; 



, The claims defining the invention are as 'follows: 

1. ^ A process to prepare a^catalyst .systen comprising,, 
combining a metal source^, a pyrrole-containing compound and ^ 
Mtal alkyl in ^ mutual solvent without a preliminary 

.^reaction step between*. the" metal source and the^pyrrole- f 
^ cr.-rtaining compound^ln the presence of an electron donor 
solvent. " ^"f , 

2. A process^ according to claim 1, in which an 
unsaturated hydrocarbon is also combined, said unsaturated 
hydrocarbon optionally providing the =mutual solvent- 

3. A process according to claim 2, wherein said 
unsaturated hydrocarbon' is aji aromatic or aliphat'ic 
hydrocarbon having less than about^d carbon atoms per 
molecule, „ , ' ^ 



4. 



A process according to claim 3, wherein said 



unsaturated hydrocarbon is an aromatic hydrocarboA having 
less than about 20 carbon atoms per molecule. 

, A P^ooess^ accor^^ 

aromatic unsaturated- hydrocarbon >is toluene, benzene, xylene, 
mesitylene, ^r hexamethylbenzene. 

6. A process according to any one of claims 2-S, which 

includes strippinrr excess unsaturated aromatic hydrocarbon 
froa the resulting catalyst system. 

7: A proo|!fjB according to claim 3, wherein said <; 

unsaturated hydrocarbon , is ethytfene.^ 

8. A process arcording. to .any one of the preceding 
claims, wherein aairt metal source is a chromium, nickel, 
cobalt, iron, molybdenum, or copper compound; 

9. A process according to claim 8, wherein the metal 
source is a J ahroniuBv compound. iV = , 

10. A, process according to any one of the preceding 
claijas, wherein said pyrrole-containing compound ia pyrrole 
or ajS-dimethylpyrrolide. ^ - 
/"■f ' A prqcBSB according to any one of the pr^cseding 
claims, -wherein the^ metal of the metal' alkyl is' alu-iinum", 
lithium, magnesium, ©r zinc, 

process ae^^ 
metal alkyl is .an aluminum alkyl. 

* PJ^ocess according to claim 12, wherein Jsa^ 
aluminum- alkyl is a trialkyl aluminum compound, -such as 
) 



6^ 



triettyl aluainumf - ■ ^ , ^ 

14 .f * A proeess accordlng'-'-to any one the preceding 
claims, in' which- a support is ineorporafed'into the catalyst 
system. < ,> ^ v 

15* ^^If-^procees according^ to claim 14, wherein said 
support" is an InorganiCvOxide. 

16. ^ . process according to claim' 15, wherein said . 
inorganic oxide 'is- silica, silica-alumina, alumina, fluorided 
alumina ,^isilated alumina, thaoria, aluminophosphate, aluminum 
phosphate, phosphated silica, phosphated alumina, silica^ 
titanaa, coprecipitated silica/titania, fluorided/silS^ed 
alumina, or a mixture thereof. • 

17. ^ A process according any one of the preceding 
claims, vhioh .includes adding a hallde, source. 

18. , '4.A process according to claia'^17, wherein said 
hallde-is a chloride^ or bromide or mixture thereof. 

19. A process according to claim 17 or 18, wherein- said 
hallde is provided by a compound having a formula of R„X„, 
wherein R-is an organic or inorganic radical, X^ls a hallde, 
and the sum of m plus n Is any>.uaber greater^han 'o. 

20. A pj^ocess according to claim 19, wherein R is 
alum.ijiiaaj^,silicja.,\:germanlum>^ hydrogen; boron, -lithium, tin, * 
gallium, indium, lead, or a mixture. thewjof. 

21. A process according to claim 20, wherein R is tin, 
geraanlumv or a. mi3i±dre-thiBreof ^ ' ' 

22. , A process according to any one of the preceding ^ ^ 
-^claims^j in which the resulting catalyist system has a relative 

. ratio -of 1 x-- v . .. • 

. r . (a) . ahpHtyl mole of ' the metal of : the :metal source; 
^w-W-^ ' .. <>?) ^-^^ about 1 to e^hout, 15. moles of the> pyrrole-, 
containing compound; /X^ 

. (o) abou^ S to aboct 4 Or moles of the metal alkyl; 
and, , if present', ■ ■-■ -.r ■ V-^ ■ . ■ 

: . (d) - abouj: 1 to about 30 moles of, the halideV / 
A process.: according to any. one of the preceding 
ciaims, which is carried out in the absence of o3£yge\i and 
water, -a-- . \ -'- ' 

Z*!- , , ,A process according to any one of th& preceding - 
claims, wherein «>e metal source and thia pyrrole-oontaintag 
qompound are combined ;prior to the ' addition of the metal 



catalyst system cornprlslng 
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. 'alkyl. ' ^ . : ' 

; 25.: ■ A jprocess^;. to r prepare 
reacting a mixture of : 
. • - ,(a). .!a .'metai-^E'alt; . ■ ■ ?: , - ' _ ; ' 

(b) ypyrrole or. a 'substitutefl pyrrole; a 

(c) / an ei^t^on; pair;: and reacting 
the resulting reactlpn^i product with^^ a metal alkyl; aha, if 
desired, reacting - the resulting v reaction iproduct' with an 

"unsaturated hydrocarbon. > 

26 • A process according vto . claim 25, wherein said metal 
aait is a'.cfiromium salt. ^ 

27. , A process; to prepare a' cafc'aiyst ^system comprising 
■ •reacfciiig a- mixture of : . .. ■ ' . V . •. ■ . 

. rf r(8K ;.a than chromium; - 

" ' . ' a'-metal 'amide; ' and " ' ; ...J" 

^an. electron pair donor solvent, and reacting 
the resulting react iq a .metal alkyl; and if 

: desitfed, ' reacting the resulting . reactioi ptoduct with an 
■'unsaturated hydrocaibcin.' . ^' • - ' '- 

28. A process ^icqordirig to. elaim 27, wherein said metai H 
^^'^i? ^?-^ '^^^'^^1' cobalt; i'roiii mblybdenumS or c.opp6r salt. 
.29i. A proce^^^^ a catalysj: system .comprising 
reaqtlng a; mixture ;of; ^ ■ ' : ' ' \ 

(a) a metal salt; , _ '■ 

' ■ . (b) a metal amide; and 

(c) an electron pair donor solverit and reacting 
;the resulting reaptibii product with a metal alkyl; and 
reactiK;g the resulti^ reaction product .with - an 
unsaturated a iliphatiic hydrocarbon comprising leas ' than 20 
.carbon atoms per. mblepulei ^.l, ; . 

•/ .J ^ process aocording ■ tp , dlairn 29., wherein said 
al^iphatic .hydrocarbon" i^^^ * 

31» A iprocess -vBccordin^ any pne of; the preceding 

claims, which > comprises adii^ijEing the cataliyst system 
• prepared as a cocatalyst. - siistem "with a^ polymerization 
ciatalyst system, V. 

32 : A. pirpci^ss accorSiij^ to" claim ai,: in wtjich the 
•pdlyraerizatibn ,:Ca system comprises a. chromium-, . 

titanium-, zirconium-- an<3/ot vanadium-containing catalyst. 



33. - A process tQ, ■fcrimerize, oligomerizis or polymerize 'an 
olefin compound which ■.comprises, carrying out said 
.trimerization,: olagomerization^ or . polymerization iti the 
presence, of catalyst- . system - or catalyst/cocatalyst 

system prepared by a -^process • according to"' any one' of the 
preceding claims. ' . j^v ^ .. ^ ."^ ^ 



no 



34 V . A process ,ac^^^ ^ 
' olefin oonpound has from about 2^ to about 30 cartion atoms per 
molecule and at least-i olefinic double bond. 
35- . r : R^Poess according^^^^ aaid ' 

olefin eompound' is ''ethyien^, l-butene, 1-hexene; 
butadiene, a alxture ^thereof. "■ 

36. A p^rocess according to, any one of claims 33-35, in 
which an uns&tUtatea hydrocarbon is combined to prepare the 
catalyst system bu€ is first intr'aduced during the 
trimerizatioh, ollgomefization or polymerization process. 

37. a' process- according to claim 36, in which the 
unsaturated hydiJocariboh used to prepare the ^catalyst system 
is an, unsaturated ^rfliphatic hydrocarbon also' acting as the 
olefin conpound which is'*ferimeriz6d, oHgomeriz6d or 
polymerized. 

38. A process for preparing a polymerization system or 
catalyst/cocatalyst system substantially as herein .described 
with reference to any C6^^ 

3|« , ,vA pplyaerlzation system^^^ catalyst/cocatalyst 
systea when prepai^ed by a process according to any one of 
claims 1-32 and 38. ' ' , 

40. A process to trinerlze, oligoaerize or polymetize 
an» olefin conpound substantially as herein described with 

i^vreferenoe to anx^one .'of thoi e^ 

41. > A trimer, oligomer or polymer' when prepared by a 
prqqeM; according-.tp any one of clainsi 33-37 and 40. 
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A B S T B"A T 
. J^nBroyeinentB ,or ; of Qarlier process:. 

for preparing: ehromluw^contalning CO for 
example > "clironiuin pyrr9Mdef^ by^ f bnnihgf a mijrture a - 
chromium salt, a metal- aaide, particularly a pyrrolide, and 
an electron pair donor*' solvent, such as) for example, an 
erther, and reaction with an 'unsaturated hydroca^h^ iare ^ 
disclosed, V Including ^use?; of :pyrrole^oriderj^^^ as 
the pyrrMide -and ::an ^^ailphatic v asv the unsatura^^ 
hydrocarbpn. / A inew/^prooeBSv for ; preparing .a catSlys^ syst'em 
comprises -combining:: a metal . source'} a pyrrole^coritaihirig 
compounjj and^ a metal alHyl without a preliminary reaction 
step betw^een the metal sou^e arid the py^oie-robntialning i 
compound In the presence of hn electron donor solvent. These 
catalyst -systems rand vohromium-containing compounds either 
unsupported or sxipported, on: art inorganic oxide support, if 
desired functioning as ; a cocatalyst in coobinatioh with 
another; pplynariaation catalysty such as containing chromium 
or titanium, canbe used to trimerize, oligomerize, and/or^ 



PQly]^r ize olefins ; 



